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INTRODUCTION. 


By  Marius  R.  Campbell. 


NBET>  OF  IKVE8TIGATION. 

The  constantly  growing  consumption  of  coal  in  the  United  States 
has  led  to  the  opening  of  mines  in  almost  every  State  in  the  Union 
and  it  has  also  stimulated  prospecting  to  a  marked  degree.  This 
condition  of  affairs  has  created  a  strong  demand  for  information  con- 
cerning the  extent  of  the  coal  fields,  the  geologic  relation  of  the  beds, 
and  the  quality  of  the  coal.  In  the  comparatively  imknown  coal 
fields  of  the  West  the  demand  is  for  general  information  regarding  the 
extent,  number,  and  thickness  of  the  beds  and  the  quality  of  the  coal. 
In  the  better  known  fields  the  demand  is  for  detailed  information 
which  will  enable  the  prospective  operator  to  know  how  much  of  any 
one  coal  bed  is  available,  and  how  it  lies,  so  that  he  may  locate  his 
mine  in  the  best  position  for  economic  work. 

In  order  to  meet  this  growing  demand  the  Geological  Survey  has 
been  giving  more  and  more  attention  to  the  subject  of  coal,  both  as 
regards  its  geologic  relations  and  its  technology.  The  need  for  infor- 
mation in  both  branches  is  imperative,  for,  although  the  amoimt  of 
coal  in  the  various  fields  seems  so  great  as  to  be  well-nigh  inexhausti- 
ble, the  consumption  is  increasing  so  rapidly  that  already  the  question 
of  a  future  supply  of  fuel  is  a  serious  one  and  the  Government  is  surely 
justified  in  using  every  means  possible  to  conserve  the  supply  for  the 
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use  of  future  genenitions.  Accordingly  the  technologic  branch  of  tlie 
Survey  is  engaged  in  studying  the  fuel  problems  in  order  to  devise,  if 
possible,  lesS'.yasteful  methods  of  mining  and  more  economical 
methods  of- utilizing  the  coal  after  it  is  mined. 

Our  chief  fuels  are  coal,  oil,  and  wood.  Wood  already  is  almost  a 
thing  of 'ths  past;  oil,  although  used  extensively  in  some  parts  of  the 
countiyf  of  the  production  of  power,  is  necessarily  of  limited  occurrence 
and  .before  long  may  cease  to  be  an  important  factor  in  the  problem. 
Coal,  therefore,  is  the  fuel  of  the  present,  and,  so  far  as  can  be  seen, 
wilLpontinue  to  lead  in  this  particular  for  a  long  time  to  come. 
:' /.The  importance  of  the  coal  industry  at  the  present  time  is  weD 

. . ,  jlHistratexi  by  a  comparison  of  the  values  of  the  leading  mineral 

..'•'products  of  the  United  States  for  the  year  1905. 

Values  of  six  of  the  leading  vxirwral  products  of  the  United  States  in  J905A 

Coal $476,756,963 

Iron 382,450,000 

Clay  products 149,  687, 188 

Copper 139,795,716 

Oil  and  gas 125,  720, 254 

Gold  and  sil  ver 1 22, 402,  683 

So  far  as  fuels  are  concerned  the  work  of  the  Geological  Survey  may 

be  divided  into  three  classes — geologic,  technologic,  and  statistical,  the 

last  of  which  is  in  charge  of  the  division  of  mineral  resources.     The 

object  of  this  report  is  to  give,  in  a  brief  way,  a  synopsis  of  the  results 

accompUshed  in  the  various  branches  of  the  work  during  the  last 

year  in  advance  of  the  more  detailed   reports  covering  the  same 

subjects. 

GEOIiOGIC  WORK. 

All  geologic  work  on  the  mineral  fuels  of  the  United  States  is  imder 
the  general  supervision  of  the  writer.  The  work  is  of  various  grades 
and  degrees  of  precision,  depending  on  the  needs  of  the  public  and  the 
conditions  under  which  the  surveys  are  carried  on. 

In  that  part  of  the  country^  west  of  the  100th  meridian  the  coal 
fields  are  comparatively  unknown,  and  the  work  of  the  Survey  is 
largely  exploratory.  Rapid  reconnaissance  surveys  are  made  over 
large  areas  to  determine  the  limits  of  the  field  and  to  obtain  such 
information  regarding  the  number  and  character  of  the  coal  beds  and 
their  attitude  as  may  be  possible  in  the  present  undeveloped  condition 
of  the  field  and  with  the  hasty  method  of  examination.  Where  the 
outlines  of  the  fields  are  already  fairly  well  known  the  work  is  largely 
devoted  to  a  more  or  less  detailed  investigation  of  the  number  and 
thickness  of  the  coal  beds,  the  quality  of  the  coal,  and  the  best  loca^- 
tions  for  economical  development  of  the  field. 

In  the  eastern  fields  information  is  needed  almost  as  badly  as  in  the 
West,  but  the  work  is  of  a  much  more  detailed  character  and  involves 
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not  only  a  thorough  study  of  the  geologic  conditions  under  which  the 
coal  occurs,  but  also  a  study  of  the  quality  of  the  coal  and  its  adapta^- 
bility  to  various  commercial  uses. 

The  reports  here  presented  cover  results  obtained  wholly  or  in  part 
during  1906.  Geologic  work  has  been  done  in  the  various  States  as 
follows: 

Pennsylvania, — Since  1900  the  examination  of  the  Pennsylvania 
coal  field  has  been  carried  on  through  the  cooperation  of  the  State 
and  Federal  authorities,  but  the  field  work  has  been  done  entirely  by 
the  geologists  of  the  United  States  Geological  Survey.  In  this  time 
very  detailed  surveys  have  been  made  of  most  of  the  Pittsburg  coal 
region  of  the  southwest  comer  of  the  State,  of  a  large  area  in  the 
eastern  part  of  the  bituminous  coal  field  in  Indiana,  Cambria,  and 
Clearfield  counties,  and  of  a  part  of  the  Allegheny  Valley,  embracing 
an  area  of  about  5,000  square  miles. 

All  coal  work  in  this  State  is  under  the  general  direction  of  George  H. 
Ashley,  who  was  assisted  during  the  past  year  by  W.  C.  Phalen, 
Edwin  F.  Lines,  M.  J.  Munn,  and  Frederick  B.  Peck.  Siuveys  were 
carried  on  in  Cambria,  Clarion,  and  Allegheny  counties,  and  some  of 
the  results  are  given  in  this  volume  in  papers  entitled  *'Coal  in  the 
Clarion  quadrangle.  Clarion  Coimty,  Pa.,*'  by  E.  F.  Lines,  and  "The 
coal  resources  of  Johnstown,  Pa.,  and  vicinity,''  by  W.  C.  Phalen. 

Virffinior' Kentucky, — A  reconnaissance  survey  was  made  of  a 
district  in  the  central  part  of  the  Appalachian  field  imder  the  general 
supervision  of  George  H.  Ashley.  The  building  of  a  new  branch  line 
from  the  Chesapeake  and  Ohio  Railway  up  Russell  Fork  of  Big  Sandy 
River  to  the  Virginia  line  and  the  beginning  of  construction  of  the 
South  and  Western  Railroad  from  the  end  of  this  branch  to  the 
Atlantic  coast  promises  to  open  in  the  near  future  one  of  the  lai^:est 
and  best  tracts  of  coal  land  in  the  central  Appalachian  region.  In 
order  to  be  able  to  furnish  information  on  this  interesting  and  econom- 
ically important  region,  a  detailed  reconnaissance  was  made  by  Ralph 
W.  Stone,  assisted  by  C.  W.  Dodge,  on  both  sides  of  the  Virginia- 
Kentucky  State  line,  and  the  more  important  results  will  be  found  in 
three  papers  in  this  bulletin  by  Mr.  Stone  entitled  "The  Elkhom  coal 
field,  Kentucky,"  "Coal  mining  at  Dante,  Va.,"  and  "The  Russell 
Fork  coal  field,  Virginia." 

Alahama. — For  several  years  Charles  Butts  has  been  engaged  in  a 
close,  detailed  survey  of  the  coal  fields  in  the  vicinity  of  Birmingham, 
including  much  of  the  Warrior  basin.  During  the  past  year  Mr.  Butts 
was  assisted  by  Chester  W.  Washbume,  and  the  work  was  carried  to 
the  east  into  the  Cahaba  coal  field.  Time  did  not  permit  the  survey 
of  the  entire  field,  but  the  northern  part  was  examined  thoroughly, 
and  a  brief  accoimt  of  the  results  of  this  work  may  be  found  in  a  paper 
by  Mr.  Butts  entitled  "The  northern  part  of  the  Cahaba  coal  field, 
Alabama." 
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i  lUifu/Uf,  'In  IlliruiM  the  examination  of  the  coal  field  is  carried  on 

j  \Hfih  by  tlie  State  Cm^Kigical  Survey  and  by  the  Federal  organization, 

I  with  the  undendamling  tliat  each  fihall  supplj'  to  the  other  manuscript 

refKirtH  on  the  area  or  areaa  inveBtigated.     During  the  last  year  the 
work  (ff  the  Federal  Survey  waa  confined  to  two  15-minute  quadran- 
gles in  Oallatin,  Saline,  White,  and  Hamilton  counties,  and  the  results 
^  are  emb<idiferl  in  a  pafjer  in  this  volume  by  Frank  W.  De  Wolf  entitled 

'^0>al  invf-Mtigations  in  the  Saline-Cjallatin  field,  Illinois.'' 

Arkarutiui.  -A  demand  for  more  detailed  information  regarding  the 
CarboniferouH  ci>al  field  of  Arkansas  than  is  contained  in  the  reports 
of  the  State  (leological  Survey  led  the  Federal  organization  to  make  an 
examination  of  this  field  in  the  early  part  of  the  past  sununer.  The 
work  waH  done  by  Arthur  J.  Collier,  assisted  by  Carl  D.  Smith,  Sidney 
Paigc!,  and  M.  I).  Meslcr.  This  work  is  of  especial  value,  inasmuch  as 
it  has  eHtabliHlunl  the  identity  of  the  principal  coal  beds  at  the  east  and 
wiwt  ViwAn  of  the  field,  and  has  thrown  considerable  light  on  the  distri- 
bution of  the  workable  coals,  a  point  that  has  been  troubling  the 
ojM^ratorH  for  a  number  of  years.  A  brief  account  of  this  work  is  given 
by  Mr.  (yollior  in  a  paper  entitled  *'The  Arkansas  coal  field." 

M(mUi7Ui.  The  coal  fields  of  Montana  are  probably  more  extensive 
tlian  thoHe  of  any  other  State,  but  they  are  not  well  known  except 
along  the  main  lincH  of  railroad  where  mines  have  been  opened,  either 
to  HU|)|)ly  fuc»l  for  locomotive  use  or  for  the  great  copper  smelters  of  the 
Hutte  regicm.  Tlu^  (juality  of  the  Montana  coal  is  exceedingly  variexi, 
but  as  a  nile  only  the  better  grades  are  being  mined  at  the  present 
time. 

The  moHt  im|)ortant  piece  of  geologic  work  carried  on  in  Montana 
during  \\){H\  was  the  careful  mapping  of  the  Great  Falls  coal  field  by 
().  A.  Fisher,  assisted  by  W.  R.  (Calvert,  II.  M.  Eakin,  A.  J.  Ilazlewood, 
and  •!.  I).  Pollock,     (leologically  this  field  is  most  interesting,  sine 
the  coal  occurs  in  the  Kootenai  (T^ower  Cretaceous)  formation,  whi' 
is  not  known  to  carry  coal  in  any  other  part  of  the  United  Stat 
except  possil)ly  in  the  Black  Hills  region  of  South  Dakota  and  W 
nung.     Tlu»  liold  wius  carefully  mapped  from  Missoiui  River  east^ 
along  tlie  footliills  of  the  Little  Belt  Mountains  as  far  as  Stanford 
brief  synopsis  of  the  results  is  given  in  a  paper  by  Mr.  Fisher  ent 
*'The  Ort^at  Falls  coal  field,  Montana.^' 

The  Bear  Crook  and   Red  Ix>dgi>  fields  of  Carbon  Count^ 
(^xanuned  by  N.  11.  Dart  on,  who  traced  the  Red  Ijodge  group 
IhhIs  for  a  considenible  distance  to  the  point  where  they  are  c< 
by  the  overlying  Tertiary  rocks,  and  the  Bridger  coal  bed 
|H>int  near  the  Wyoming  line  northward  to  Joliet.     An  ac 
this  field  by  Mr,  Dart  on  is  entitled  **  Coals  of  Carbon  County 
The  grt^at  lignite  field  of  the  eastern  part  of  the  State  was 
by  A.  O.  IjtH^nanl.  assisted  by  W.  R.  Ilolgate  and  W. 
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This  party  made  an  exploratory  trip  from  Glendive  to  Miles  City 
and  thence  northward  by  way  of  Jordan  to  Hell  Creek  on  Missouri 
River.  An  account  of  this  trip  and  of  the  coal  beds  and  other  strata 
exposed  will  be  found  in  a  paper  by  Mr.  Leonard  entitled  ''Coal 
fields  of  parts  of  Dawson,  Rosebud,  and  Custer  counties,  Mont/' 

Wyoming. — ^Wyoming  is  one  of  the  great  coal-producing  States  of 
the  Union.  The  coal  is  extensively  developed  along  the  Union 
Pacific  and  Oregon  Short  Line  railroads  at  Ilanna,  Rock  Springs, 
and  Kemmerer.  It  is  also  mined  to  some  extent  at  Glenrock  and 
Big  Muddy  on  the  Chicago  and  Northwestern  Railway  and  along  the 
Burlington  system  at  Sheridan  and  Cambria.  In  addition  to  these 
well-known  localities,  there  are  immense  areas  of  coal  land  along 
Powder  River  from  a  point  north  of  Casper  to  the  Montana  line,  in 
the  Bighorn  Basin,  in  Uinta  Coimty  north  of  Kemmerer,  and  in 
Carbon  County  west  of  Rawlins. 

During  the  past  year  the  Hanna  field  of  Carbon  County  was  rather 
thoroughly  explored  by  A.  C.  Veatch,  assisted  by  Max  A.  Pishel, 
Max  W.  Ball,  and  Spencer  R.  Logan.  A  brief  account  of  this  work 
is  given  by  Mr.  Veatch  in  a  paper  entitled  "Coal  fields  of  east-central 
Carbon  County,  Wyo." 

C.  E.  Siebenthal  made  a  hasty  examination  of  the  coal  beds  in  the 
western  part  of  the  Laramie  basin,  and  a  brief  accoimt  is  given  by 
him  in  a  paper  entitled  "Coal  of  Laramie  Basin,  Wyoming.'^ 

During  1905  A.  C.  Veatch,  assisted  by  A.  R.  Schultz,  made  an 
examination  of  the  southern  Uinta  Coimty  field  from  the  Utah  Stat« 
line  to  a  point  north  of  Kemmerer.  A  short  account  of  this  work 
appeared  in  Bulletin  No.  285,  and  a  full  report  is  contained  in  Pro- 
fessional Paper  No.  56,  entitled  '^Geography  and  geology  of  a  portion 
of  southwestern  Wyoming,  with  special  reference  to  coal  and  oil." 
During  the  past  year  this  work  was  carried  northward  by  Mr.  Schultz, 
assisted  by  E.  Eggleston  Smith.  The  coimtry  is  exceedingly  rough 
and  mountainous,  but  the  coal  fields  were  mapped  with  considerable 
care  as  far  as  Snake  River.  This  region  is  scarcely  accessible  at  the 
present  time  and  little  is  known  regarding  the  coals,  but  in  the  event 
of  the  construction  of  a  railroad  line  along  Snake  River  it  seems 
quite  possible  that  much  of  the  area  of  this  field  would  become 
accessible  by  branch  lines  from  the  main  trunk  system.  A  brief 
account  of  this  field  will  be  found  in  a  paper  by  Mr.  Schultz  entitled 
**Coal  fields  in  a  portion  of  central  Uinta  Coimty,  Wyo." 

In  the  central  part  of  the  State  there  is  a  large  syncline  of  coal- 
bearing  rocks  which  in  most  places  is  covered  by  Tertiary  sediments 
to  such  a  depth  that  it  is  not  accessible,  but  here  and  there  along  the 
rim  of  the  basin  coal  beds  are  exposed.  This  is  the  case  in  the 
vicinity  of  Lander,  where  there  is  a  small  coal  field  that  was  examined 
by  E.  G.  Woodruff.  A  very  brief  account  of  this  field  is  given  by 
Mr.  Woodruff  in  a  paper  entitled  "The  Lander  coal  field,  Wyomini^" 
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CJolorddo.  -Through  the  explorations  carried  on  by  the  Colorado 
Fuel  and  Iron  Company  and  the  development  of  mines  in  the  best 
and  moHt  acce^isible  fields,  the  coals  of  Colorado  are  perhaps  better 
known  than  those  of  any  other  western  State.  Nevertheless,  there 
are  a  numb(*r  of  areas  about  which  little  information  can  be  obtained, 
and  it  has  been  the  aim  of  the  Geological  Survey  to  explore  these  in 
advance  of  development. 

The  large^Ht  area  of  undeveloped  coal  lies  in  the  northwestern  part 
of  the  State,  in  Routt,  Rio  Blanco,  Garfield,  Pitkin,  and  Mesa 
counties.  On  the  completion  of  the  Denver  and  Northwestern 
(Moflitt)  Ilailroad  through  Routt  County  the  northern  part  of  this 
grf»at  area,  or  the  Yampa  coal  field,  will  be  the  first  to  be  developed. 
TluH  was  examined  in  1905  by  N.  M.  Fenneman  and  Hoyt  S.  Gale, 
and  a  detailed  report  of  their  work  appeared  in  Bulletin  No.  297, 
entitl<»d  **The  Yampa  coal  field,  Routt  County,  Colo."  A  brief 
account  was  published  also  under  the  same  title  in  Bulletin  No.  285. 
During  the  last  season  this  survey  was  extended  southw^ard  across 
tlio  anticline  of  Axial  Basin  to  the  Danforth  Hills  and  thence  along 
the  Grand  Hogback  southeastward  to  Newcastle  on  Grand  River. 
This  work  was  done  by  Mr.  Gale,  who  was  assisted  by  A.  K.  Adams, 
A.  L.  Beekly,  and  R.  D.  Crawford.  A  brief  account  of  this  work  is 
given  by  Mr.  Gale  in  a  paper  entitled  ''Coal  fields  of  the  Danforth 
Ilills  and  Grand  Hogback  in  northwestern  Colorado." 

Coh^rado-Utah,  The  great  Uinta  Basin,  w^hich  extends  from  the 
vicinity  of  Crested  Butte,  Colo.,  westward  into  Utah,  continues 
in  the  latter  State  along  the  south  side  of  the  Uinta  Mountains  at 
least,  as  far  as  Castle  Gate.  The  center  of  the  basin  is  deeply  covered 
by  Tertiary  stnliments,  and  at  the  western  extremity  these  overlap 
the  upturned  iniges  of  the  coal-bearing  rocks  and  conceal  them  so 
that  the  limit  of  the  field  in  this  direction  is  unknown. 

It   is  giMierally  understood  that  the  Book  Cliffs,  which  form  the 
southern  margin  of  this  basin,  are  coal  bearing,  but  little  or  no 
information  outside  of  that  furnished  by  the  established  mines  has 
Ihvu  available  regarding  the  character  of  the  coal  or  the  number  and 
thickness  of  the  Inxis.     To  supply  such  data  George  B.  Richardson, 
Hssisttnl  by  W,  D.  Neal  and  Leon  J.  Pepperberg.  carried  on  a  rapid 
nHHumaissanotuluring  the  last  season  from  De  Beque,on  Grand  River, 
(Vlorado.  into  I'tali  as  far  as  the  Sunnvside  mine  of  the  Utah  Fue' 
i\Muj^ny,  where  ci^nnection  was  made  with  the  work  of  Mr.  Ta 
who.  during  UHV>,  made  a  careful  instrumental  survey  of  the  R 
CHlTs  tield  fn^m  the  Sunnvside  mine  westward  to  Castle  Gate,  and 
5^nuhwanl  along  tht^  east  front  of  the  Wasatch  Plateau  as  ft 
Xlo\uu  Hilganl,  in  S^^vier  County.    A  report  of  Mr.  TafTs  work 
imblishtni  in  Rulknin  No.  2S5  under  the  title  'The  Book  Cliff 
tW^M  of  I'tah/'     A  brief  accotmt  of  the  nesults  of  the  survev 
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the  last  year  is  given  by  Mr.  Richardson  in  this  volume  in  a  paper 
entitled  "The  Book  Cliffs  coal  field  between  Grand  River,  Colorado, 
and  Sunnyside,  Utah.'' 

Utah. — During  the  last  year  Joseph  A.  Taff,  assisted  by  Carl  D. 
Smith,  examined  the  region  about  Pleasant  Valley,  in  the  Wasatch 
Plateau,  much  more  carefully  than  was  possible  during  the  previous 
year,  and  his  report  is  embodied  in  a  paper  entitled  ''The  Pleasant 
Valley  coal  district,  Carbon  and  Emery  counties,  Utah." 

The  coal  fields  of  Irdn  Coimty,  in  southwestern  Utah,  were  hurriedly 
examined  during  the  last  year  by  Willis  T.  Lee,  who  visited  them  and 
procured  samples  for  chemical  analysis  from  the  anthracite  of  the 
western  extremity  of  the  field  and  from  the  bituminous  coal  east  of 
Cedar  City.  This  is  the  most  important  field  of  the  Southwest,  as  it 
is  accessible  from  the  San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad, 
and  some  day  it  may  furnish  fuel  to  most,  if  not  all,  of  the  desert  region 
of  the  southern  part  of  the  Great  Basin.  A  brief  description  of  the 
field  will  be  found  in  a  paper  by  Mr.  Lee  entitled  ''The  Iron  Coimty 
coal  field,  Utah." 

New  Mexico, — The  largest  coal  field  in  New  Mexico  lies  in  the 
northwest  comer  of  the  Territory,  but  the  coals  in  this  field  are  not 
well  known,  being  developed  only  at  Durango,  Colo.,  and  Monero, 
N.  Mex.,  on  the  northern  edge,  and  at  Gallup,  on  the  southern  edge 
of  the  basin.  In  Contributions  to  Economic  Geology  for  1905  F.  C. 
Schrader  ^  had  a  brief  paper  embodying  the  results  of  a  rapid  recon- 
naissance examination  made  by  himself  and  M.  K.  Shaler  along  the 
eastern  edge  of  the  basin  from  Durango  to  Gallup.  During  the  last 
year  the  work  has  been  continued  by  Mr.  Shaler,  assisted  by  James  H. 
Gardner.  They  made  a  careful  examination  of  the  western  part  of  the 
field  from  Durango  to  the  southern  point  of  the  basin,  about  60  miles 
south  of  Gallup.  The  results  of  this  work  are  contained  in  a  paper  by 
Mr.  Shaler  entitled  "A  reconnaissance  survey  of  the  western  part  of 
the  Durango-Gallup  coal  field  of  Colorado  and  New  Mexico." 

In  addition  to  the  regular  work  noted  above,  the  writer  made  a 
hasty  examination  of  two  small  coal  fields  in  the  eastern  part  of  the 
Territory — one  at  Capitan,  in  Lincoln  County,  and  the  other  known 
generally  as  the  Una  del  Gato  field,  in  Sandoval  Coimty.  A  brief 
account  of  the  latter  is  contained  in  a  paper  entitled  "The  Una  del 
Gato  coal  field  of  Sandoval  County,  N.  Mex.,"  and  of  the  former  in  a 
paper  entitled  "Coal  in  the  vicinity  of  Fort  Stanton  Reservation, 
Lincoln  County,  N.  Mex." 

California. — In  general  the  coals  of  California  are  of  so  low  a  grade 
as  to  be  unable  to  stand  in  competition  with  fuel  oil.  As  a  conse- 
quence many  of  the  mines  have  suspended  operations.     From  time 

«Thc  Durango-Qallup  coal  field  of  Colorado  and  New  Mexico;  Bull.  U.  8.  Geol.  Survey,  No.  285, 
1906,  pp.  241-258. 
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to  time  during  the  last  few  years  reports  have  been  made  of  the  occur- 
rence of  a  l>etter  grade  of  coal  in  Stone  Canyon,  in  the  southeastern  part 
of  Monterey  County.  In  1905  Ralph  Arnold  visited  Stone  Canyon 
and  determined  the  geologic  relations  of  this  coal  bed-  A  brief 
account  of  his  work  appeared  in  Bulletin  No.  285,  entitled  "Coal  in 
the  Moimt  Diablo  Range,  Monterey  County,  Cal."  During  the  past 
summer  the  \\Titer  found  opportunity  to  visit  this  mine,  and  a  short 
account  of  the  results  of  the  examination,  as  well  as  of  those  obtained 
from  a  chemical  analysis,  is  contained  in  a  paper  entitled  "Coal  of 
Stone  Canyon,  Monterey  County,  Cal.'^ 

TECIIXOTX>GlC  WORK. 

The  technologic  work  on  fuels  is  under  the  direction  of  Joseph  A. 
Holmes.  Up  to  the  spring  of  1907  the  work  of  this  branch  has  been 
carried  on  largely  at  St.  Louis,  Mo.,  where  it  was  started  in  connection 
with  the  exposition  in  1904.  The  principal  work  of  the  branch  has 
been  the  testing  of  carload  samples  of  coal,  and  in  order  to  do  this 
systematically  it  was  necessarj'  for  an  insi)ector  to  supervise  the  load- 
ing of  cars,  and  as  a  check  to  take  samples  from  the  mine  furnishing 
the  carload  lot.  During  the  last  year  this  work  has  been  under  the 
charge  of  J.  Shober  Burrows,  who  has  made  an  extended  study  of 
methods  of  sampling  and  the  results  to  be  obtained  therefrom.  A 
brief  account  of  these  results  and  a  discussion  of  their  meaning  is 
given  by  Mr.  Burrows  in  a  paper  entitled  '^The  importance  of  uniform 
and  systematic  coal-mino  sampling.'' 

One  of  the  most  important  results  of  the  various  tests  for  the  better 
utilizaticm  of  the  fuel  r(\sourc<»s  of  the  countrj^  Is  the  demonstration 
that  producer  gas  for  power  puq^oses  can  l)c  made  successfully  from 
all  grades  of  bituminous  coal,  lignite,  and  even  peat.  The  results  of 
these*  tests  point  conclusively  to  the  substitution  of  producer-gas 
plants  and  gas  engines  for  the  generation  of  power  in  place  of  the 
wasteful  steam  engine*  in  general  use*  at  the  present  time.  The  end  of 
the  steam  engine  is  neariy  in  sight,  and  many  people  are  wanting 
information  re^garding  the  i)resent  status  of  the  producer  and  gas 
engine,  in  expectation  of  their  installation  in  the  near  future.  In 
order  to  supply  unl)iased  information  to  the  public  on  tliis  important 
subject,  i{.  L.  Femald,  prof(\ssorof  mechanical  engineering,  Wasliing- 
ton  University,  St.  Louis,  Mo.,  who  has  had  charge  of  all  tests  made 
at  the  fuel-testing  j)lant  on  the  gas  produc^T  and  gas  engine,  has  pre- 
pared a  bri<»f  statement  wliich  will  Ix*  found  in  a  paper  entitled  **The 
pn»sent  status  of  the  producer-gas  power  plant  in  the  United  States." 

Another  field  of  investigation  which  pronils(»s  to  have  a  distinct 
l)earing  on  the  better  utilization  of  our  coals  is  that  of  briquetting, 
and  the  present  condition  of  the  l)riquetting  industry  is  summarized 
by  Edward  W.  Park(»r  in  a  paper  entitled  ''Condition  of  the  coal- 
briqu(»tting  industry  of  the  United  States." 
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COALS  OF  THE  CLARIO>'  QUADRANGLE,  CLARION 

COUNTY,  ?A. 


By  Edwix  F.  Lines. 


IX)CATION  AXI>  ARK  A. 

The  Clarion  quadrangle  is  in  the  sonthcnst  comer  of  Clarion 
County,  Pa.  Its  area  is  approximately  225  s(iiiare  miles,  or  a  little 
more  than  one-third  of  the  area  of  the  county. 

TOPOGIIAPIIY. 

The  most  striking  topographic  feature  of  the  area  consists  of  the 
gorgelike  valleys  of  Clarion  River  and  its  tributaries,  cut  400  feet 
below  the  comparatively  flat  top  of  the  general  upland  region.  This 
drainage  system  occujnes  approximately  the  northern  two-thirds  of 
the  quadrangle.  The  remainder  of  the  drainage  is  tribiitarv'  to 
Redbank  Creek.  The  latter  area  is  made  up  of  l)r()ader  yalleys  an<l 
gentle  slopes,  except  in  the  southwest,  where  iho  yalleys  are  again 
deep  and  narrow.  Altitudes  in  the  quadrangle  range  from  about 
1,000  feet  at  water  level  on  Clarion  River  to  1,700  feet  in  the  highest 
part  of  the  Clarion-Redbank  divide. 

STRATKiKAPIIV. 

The  formations  exposed  in  the  qmidrangle  extend  from  the  upper 
portion  of  the  Poc(mo  to  the  lower  j)ortion  of  the  (\)nemaugh.  Over 
most  of  the  quadrangle,  however,  the  rocks  at  th(^  surface  belong  to 
the  Allegheny  formation,  and  in  this  formaticm  occur,  with  one  pos- 
sible exception,  all  the  workable  coal  beds  of  the  (|uadrangle.  A 
generalized  section  showing  the  position  of  the  coals  of  this  format i(m 
is  as  follows: 

General  seclUm  of  Allfffhenij fnnnntion  m  ('larion  (/mulratujlc. 

Cool,  Upper  Frooport :<\  -  i)\ 

Clay,  plastic..^ 

limestone .,. 

Clay,  flint...  ^ "^  "    ' ' 


Shale. 


i:i 
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Feet. 

Coal,  Lower  Freeport 3J  -    7i 

Clay,  plastic 

Limestone  (locally  developed) . .  60  -  90 

Sandstone  and  sandy  shale 

Coal,  Upper  Kittanning 2-    4 

Clay,  plastic 

Sandstone  and  shale 

Coal 

Clay,  plastic 

Shale 

Coal,  Middle  Kittanning. 

Clay,  plastic 

Shale 

Coal,  Lower  Kittanning 2  -    4} 

Sandstone  and  shale 10  -  45 

Iron  ore 0  -    li 

Limestone,  Vanport 3-8 

Sandstone  and  shale 20  -  35 

Coal,  Clarion 1-    2 

Shale 

CoalC?) 20  -  40 

Shale,  sandy. . 

Coal,  Brookville 1-3 

The  above  general  section  applies  to  the  rocks  over  about  two- 
thirds  of  the  quadrangle.  In  the  remaining  third,  which  occupies  the 
northwest  comer,  the  rocks  below  the  Lower  Kittanning  coal  are 
radically  different,  the  succession  being  as  follows: 

Section  of  rocks  below  Lower  Kittanning  coal  in  northwestern  third  of  Clarion  quadrangle. 

Feet. 

Clay,  plastic 5  -  15 

Coal i-    2 

Clay,  plastic 5  -  10 

Clay,  flint 0-    4 

Sandstone 45-60 

Coal,  Clarion 2-    4 

Sandstone  and  shale 55  -  60 

Coal,  Brookville 1  -  2J 

STRUCTURE. 

Reference  to  the  map  (PI.  I)  shows  that  the  leading  structural 
feature  of  the  quadrangle  is  the  Kellersburg  anticline.  The  rocks  on 
the  east  flank  of  tliisfold  dip  strongly  into  the  Fairmount  syncline,  but 
west  of  the  anticline  the  dips  are  slight  and  irregular,  so  that  in  the 
western  and  northern  parts  of  the  quadrangle  there  are  no  prominent 
anticlines  or  synclines.  The  dip  of  the  rocks  as  a  whole  is  a  little  west 
of  south  and  amounts  to  about  300  feet  in  the  length  of  the  quadrangle, 
so  that  the  Lower  Kittanning  coal,  which  is  just  above  drainage 
level  in  the  south,  occupies  the  hilltops  in  the  north.  The  dips  range 
from  25  feet  to  the  mile  in  the  western  portion  of  the  quadrangle  to  175 
feet  to  the  mile  in  the  eastern  portion. 
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COAXiS. 

FREBPORT  COALS. 

The  Upper  Freeport  coal  bed  is  the  uppermost  member  of  the 
Allegheny  formation,  and  the  Lower  Freeport  coal  Ues  about  40  feet 
lower.  These  coals  are  present  in  small  areas  on  some  of  the  higher 
hills  in  the  southern  half  of  the  quadrangle.  With  the  exception  of 
a  few  isolated  hilltops  in  which  country  banks  have  been  opened, 
the  only  commercial  development  of  these  coals  is  in  the  vicinity  of 
New  Bethlehem.  The  Freeport  coals  are  of  excellent  quality  and 
good  thickness,  but  are  of  comparatively  small  extent  and  have  been 
largely  worked  out. 

On  a  hilltop  IJ  miles  south  of  Rimersburg,  on  the  Painter  farm,  is 
an  old  opening  on  a  coal  4  feet  4  inches  thick,  which  the  writer  at 
present  refers  doubtfully  to  the  Upper  Freeport,  although  it  is 
possibly  the  Brush  Creek  coal.  As  a  rule  the  roof  of  the  Upper 
Freeport  is  sandstone,  and  the  roof  of  the  Lower  Freeport  is  shale. 
The  following  are  typical  sections: 

Section  of  Upper  Freeport  coal  in  W.  R.  Saylor  franib,  g  miles  south  ofSligo  (No.  1  o). 

Sandstone.  Ft.     in. 

Coal,  bony 7 

Coal 3      3 

Clay.  

3    10 

Section  of  Lower  Freeport  coal  in  mine  No.  11  of  the  Fatrmount  Coal  Company ^  3  miles 

north  of  New  Bethlehem  (No.  2). 
Clay.  Ft.     in.  <^ 

Coal ; 2      2i 

Sulphur  parting \ 

Coal...., 1      1 

Sulphur  parting J 

Coal 10 

Clay.  

4      2\ 
KITTANNING  COALS. 

The  Kittanning  group  of  coals  is  usually  described  as  consisting 
of  three  members,  Lower,  Middle,  and  Upper,  but  in  this  quadrangle 
there  appear  to  be  four  or  five  coal  beds  in  the  interval  between  the 
Lower  Freeport  coal  and  the Vanport  (''Ferriferous ")  limestone.  The 
uppermost  coal  bed,  designated  Upper  Kittanning  in  the  general 
section,  is  fairly  persistent  and  where  opened  averages  2\  feet  in 
thickness  except  in  the  vicinity  of  New  Bethlehem,  where  two  sec- 

1  Numbers  refer  to  corresponding  numbers  on  PL  I. 
9411— Bull.  316—07 2 
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tions  of  3  and   4  feet  were  measured.     The  following  are  typical 
sections : 

Section  of  Upper  Kittanning  coal  in  John  Mohney  hank,  5  miles  southeast  of  Sligo 

{No.  S). 
Shale.  Ft.    in. 

Coal 1     11 

Clay  parting ) 

Coal 3i 

Clay.  

2      3 

Section  of  Upper  Kittanning  coal  in  Sam  Shankel  bank^  1  mile  northwest  of  New 

Bethlehem  (No.  4). 

Ft.    In. 

Coal,  bony 6 

Coal I      1 

Coal,  bony ^ i 

Cosl 1    11 

Coal,  bony 6 

4        i 

The  next  two  coal  beds  in  descending  order,  ther  lower  of  which  is 
designated  Middle  Kittanning  in  the  general  section,  are  difficult  to 
trace.  Both  coals  were  observed  in  the  same  vertical  section  only 
onc«,  but  the  relation  of  the  blossoms  to  adjacent  rocks  and  the 
intervals  between  them  and  other  coal  beds  that  are  more  readily 
identified  indicate  their  presence  in  many  localities.  In  no  place 
where  either  of  these  coals  was  identified  with  certainty  was  it  pos- 
sible to  obtain  a  measured  section.  Neither  promises  anything  more 
than  a  possible  local  value. 

The  Lower  Kittanning  coal  is  the  most  important  in  the  quadran- 
gle. It  is  persistent,  uniform  in  thickness,  and  widely  distributed. 
lis  horizontal  position  is  indicated  on  the  accompanying  map  by  its 
line  of  outcrop,  and  its  elevation  by  the  stnicture  contours.  The 
average  thickness  of  66  measured  sections  is  3  feet.  Of  the  total 
number  of  measurements  nine  were  under  2h  feet  and  eight  over  3 J 
feet.  No  regular  partings  occur  in  the  coal  and  the  irregular  ones  are 
thin,  few  of  them  being  over  one-half  inch  in  thickness.  In  about 
half  the  sections  measured  no  partings  were  noted.  From  6  to  12 
inches  below  the  top  of  the  coal,  however,  occurs  a  binder  of  splinty 
character,  from  half  an  inch  to  2i  inches  thick,  wliicli  is  readily  distin- 
guished on  fresh  faces  of  the  coal  and  wliich  probably  persists  nearly 
everywhere.  No  attention  is  paid  to  this  binder  in  mining.  In 
many  places  the  upper  portion  of  the  bed  consists  of  2  to  12  inches 
of  bony  coal,  thus  making  the  average  thickness  of  clean  coal  1  or  2 
inches  less  than  3  feet.  In  all  tlie  openings  examined  the  roof  is 
shale  and  the  floor  clay.  It  is  reported  that  this  coal  was  coked  for 
use  in  some  of  the  old  natural-draft  iron  furnaces  wliich  formerly 
existed  in  Clarion  County,  but  a  recent  attempt  to  coke  it  in  some 
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experimental  ovens  near  Rimersburg  was  reported  to  be  unsuccessful. 
The  analyses  show  that  the  coal  is  rather  high  in  sulphur  and  mod- 
erately high  in  ash.  The  following  are  typical  sections  of  the  Lower 
Kittanning  coal: 

Section  of  coal  in  mine  of  Acme  Mining  Company,  1  mUe  south  of  Rimersburg  station 

{Xo.  5). 
Shale.        *  Ft.    in. 

Coal 1 

Binder | 

Coal : 2    7 

(lay.  

3    7i 

Section  of  coal  in  mine  No.  J  of  the  Alcola  Coal  Company ^  1  mile  north  of  Oak  Ridge 

{No.  6). 
Shale.  J^.    in. 

Coal 7 

Coal,  bony i 

Coal 1      9 

Sulphur  parting } 

Coal Hi 

Clay.  

3      4| 

Section  at  Baldaufmine  No.  /,  si  miles  southeast  of  Stratt&nvUle  (No.  7). 

Shale.  Ft.  In. 

Coal 4i 

Binder 21 

Coal 2  7i 

Clay.  

3      2} 

At  a  distance  ranging  from  5  to  15  feet  below  the  Ijower  Kittanning 
coal  occurs  a  lower  bed  which  is  developed  only  in  the  northern 
half  of  the  quadrangle.  This  is  either  a  split  from  the  Lower  Kit- 
tanning or  a  separate  bed.  In  favor  of  the  theory  that  it  is  a  split 
is  the  fact  that  in  general  the  measurements  show  smaller  intervals 
in  the  western  than  in  the  eastern  part  of  the  area.  On  the  other 
hand,  the  inconsistencies  in  the  variation  and  the  fact  that  the 
thickness  of  the  upper  coal  is  not  affected  by  the  presence  of  the 
lower  is  in  favor  of  the  h}3)othesis  that  there  are  two  beds.  A  more 
detailed  study  of  the  problem  should  be  made  before  attempting  to 
settle  the  question  definitely.  The  thickness  of  the  coal  varies 
between  20  and  24  inches,  except  in  a  road  section  near  the  west 
edge  of  the  quadrangle,  where  the  beds  show  in  one  place  4  inches 
and  in  another  place  9  inches  thick.  On  the  J.  II.  iStrickler  farm, 
3  miles  south  of  Clarion,  an  opening  has  been  made  on  what  appears 
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to  be  this  coal.     Its  thickness  is  24  inches.    The  following  section 
was  exposed  at  the  mouth  of  the  opening: 

Section  of  Lower  Kittanning  (f)  coal  on  farm  of  J.  IL  S  trickier  ^  3  miles  south  of  Clarion 

{No.  S). 

Ft.    in. 

Coal 4 

Shale 5 

Coal 7 

Clay 5  6 

Coal ,  worked 1  10 

8      8 
CLARION  COAL. 

According  to  the  Second  Geological  Survey  of  Pennsylvania,**  the 
Clarion  coal  in  this  county  is  split  into  two  beds,  but  in  this  quad- 
rangle the  evidences  of  two  coals  at  this  horizon  are  not  conclusive. 
Many  sections  suggest  their  presence,  but  in  most  of  these  the  indica- 
tions consist  of  coal  fragments  so  scattered  as  to  make  the  determina- 
tion of  the  horizon  uncertain.  In  the  southern  half  of  the  quadrangle 
the  Clarion  coal  is  of  Uttle  commercial  importance.  Openings  have 
been  made  on  it  1  mile  south  of  Mayport  and  3  miles  west  of  New 
Bethlehem,  and  in  these  openings  the  coal  measures  26  and  27  inches, 
respectively.  In  the  northern  half  of  the  quadrangle  the  coal  is 
much  thicker,  the  average  of  four  sections  being  3  J  feet.  An  18-inch 
bed  is  reported  about  5  feet  below  the  bed  that  is  being  worked, 
but  this  coal  was  not  seen  by  the  writer.  The  Clarion  coal  in  this 
region  lies  immmediately  below  the  pinkish,  massive  sandstone 
which  makes  many  flats  and  benches  in  the  vicinity  of  Clarion  River. 
The  coal  is  known  locally  as  the  "Sulphur  vein.''  The  following 
is  a  sample  section: 

Section  in  coal  bank  on  George  Cook  farm  ^  one-half  mile  northeast  of  Clarion  {No.  9). 

SandHtone.  Ft.     lu. 

Clay 1 

Coal 2    Hi 

Clay.  

3    Hi 
BROOKVILLE  COAL. 

The  Brookville  coal  lies  usually  about  90  feet  below  the  Ijower 
Kittanning.  The  few  sections  seen  indicate  that  it  is  thin  and  dirty 
over  most  of  the  quadrangle.  At  Sligo,  however,  there  are  two 
commercial  mines  on  this  coal — the  Mineral  Run  mine,  ownejl  by 
J.  B.  Miller,  and  the  mine  of  the  Sligo  Coal  and  Coke  Company. 
The  bed  is  about  3  feet  tliick  and,  although  high  in  sulphur,  the  coa? 
has  a  ready  sale  for  steam  purposes.  The  extent  of  coal  havir 
this  thickness  and  quality  is  at  present  not  definitely  known, 
good  blossom  of  the  coal  shows  in  the  road  running  south  frc 

aRcpt.  VV,  1880,  pp.  49,  60. 
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Curllsville,  3}  miles  east  of  SligO;  and  3  feet  or  more  is  said  to  have 
been  uncovered  on  Leatherwood  Creek  on  the  George  Lee  farm, 
2J  miles  northeast  of  New  Bethlehem. 

Section  of  coed  bed  in  mine  of  Sligo  Coal  and  Coke  Company ^  Sligo  (No.  JO). 
Sandstone.  Ft.     in. 


Coal 

Sulphur  parting. 

Coal 

Sulphur  parting. 
Coal 


I 

r 


6 


Clay. 


OTHER  COALS. 


2    llj 


In  the  northwest  comer  of  the  quadrangle  there  is  an  imusual 
succession  of  coal  beds  below  the  Lower  Kittanning.  A  road  section 
1}  miles  southwest  of  Shippensville  contains  seven  beds  ranging 
from  2  inches  to  1  foot  in  thickness  in  a  vertical  distance  of  140  feet. 
These  coal  beds  are  of  small  extent  within  the  quadrangle  and  are 
probably  of  no  conmiercial  value.  The  horizon  of  the  Mercer  coals 
of  the  Pottsville  formation  is  above  drainage  level  in  portions  of  the 
quadrangle,  but  these  coals  are  not  commercially  important. 

COAL  ANALYSES. 

The  following  analyses  of  coals  of  the  Clarion  quadrangle  were 
made  at  the  United  States  Greological  Survey  fuel-testing  plant  at 
St.  Louis,  Mo.,  from  samples  properly  cut  and  quartered  in  accord- 
ance with  the  practice  of  the  Survey,  and  shipped  in  air-tight  cans. 

Analyses  of  coal  samples  from  Clarion  quadrangle ,  Pennsylvania. 


Upper  Free- 
port. 

Lower 
Free- 
port. 

Upper  Kit- 
tanning. 

Lower  Kittanning. 

Clar- 
ion. 

J. 

Brook- 

ville. 

A. 

B. 

C. 
4172. 

D. 
4176. 

£. 
4177. 

F. 

G. 

H. 
4055. 

I. 

K. 

Laboratory  No 

4111. 

4171. 

4116. 

4170. 

3051. 

4173. 

3953. 

Analysia  of  sample  as 
received: 
Moisture 

3.96 

33.70 

54.50 

7.82 

2.18 

&56 

30.72 

57.14 

6.58 

1.10 

3.30 

33.79 

56.83 

6.06 

2.73 

&89 
30.46 
48.66 
14.99 

1.60 

4.09 

30.24 

57.37 

8.30 

1.01 

2.87 

34.51* 

54.31 

8.31 

L36 

2.73 
34.77 
52.20 
10.30 

3.66 

4.09 

34.79 

55.32 

5.80 

2.39 

3.36 
35.94 
52.05 

&65 

4.84 

37.86 

5a  28 

7.02 

3.96 

2.35 

Volatile  matter. . . 

Fixed  carbon 

Ash 

Sulphur 

37.47 

49.01 

11.17 

4.04 

Loss  of  moisture  on 
air  drying 

2.30 

3.30 

L80 

3.90 

2.10 

1.00 

1.30 

2.60 

1-70 

3.20 

1.10 

•ample: 
Moisture 

1.72 

34.49 

55.79 

&00 

2.23 

2.34 

31.76 

50.09 

6.81 

1.13 

1.53 

34.41 

57.87 

6.19 

2.78 

2.07 
31.70 
50.63 
1&60 

L66 

2.03 

3a  89 

58.60 

8.48 

1.03 

1.89 

34.86 

54.86 

8.39 

L37 

L45 
3&23 
52.89 
ia43 

3.71 

1.53 

3&72 

56.80 

&95 

2.45 

Le9 

36.56 

52.95 

8.80 

2.43 

1.09 

39.11 

51.95 

7.26 

4.11 

L26 

Volatile  matter... 
Fixed  carbon 

Afh 

37.89 
49.56 
11.29 

Soiphur 

4.06 

A.  Two  miles  south  of  Sligo. 

B.  Three  miles  northeast  of  New  Bethlehem. 

C.  Three  miles  northeast  of  New  Bethlehem. 

D.  Five  miles  southeast  of  Sligo. 

E.  One  mile  northwest  of  New  Bethlehem. 

F.  Two  miles  southeast  of  Strattonviile. 


G.  One  mile  north  of  Oak  Ridge. 
II.  One  mile  south  of  Rimeraburg  station. 
I.  At  Sligo. 

.7.  One  and  one-half  miles  northwest  of  Clarion. 
K.  At  Sligo. 
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By  W.  C.  Phalen. 


INTRODUCTION. 

.J^^qcation. — The  area  here  considered  is  the  Johnstown  quadrangle, 
wfiicilji  comprises  an  area  of  228  square  miles.     It  lies  mostly  in  Cam- 
bria County,  Pa.,  but  includes  small  parts  of  Somerset,  Indiana,  and 
.  Westmoreland  counties.     (See  PI.  II.) 

Commercial  geography, — This  quadrangle  lies  in  the  plateau  region 
west  of  the  Allegheny  Front  and  the  streams  that  flow  through  it  have 
cut  deep  valleys,  exposing  valuable  coal  and  clay  beds.  The  most 
important  streams  are  Conemaugh  River,  formed  by  the  union  of 
Stony  Creek  and  Little  Conemaugh  River  at  Johnstown;  Blacklick 
Creek,  and  South  Fork.  Conemaugh  River  has  long  been  one  of  the 
most  available  highways  of  communication  across  the  region  from  the 
coast  to  the  Middle  West;  the  first  railroad,  the  old  Portage  and 
Canal  Route,  and  the  main  line  of  the  Pennsylvania  Railroad  have 
both  used  its  valley.  Thus  the  early  development  of  the  iron  re- 
sources of  the  region  was  stimulated,  and,  in  turn,  an  impetus  was 
given  to  the  development  of  its  coal  resources,  imtil,  at  the  present 
time,  Johnstown  and  the  towns  lying  in  this  area  are  among  the  lead- 
ing coal  and  iron  centers  of  western  Pennsylvania.  The  value  of  the 
coal  for  1905  was  nearly  $5,000,000,  representing  an  output  of  about 

as  many  tons. 

GEOIiOGY. 

STRATIGRAPHY. 

The  rocks  outcropping  in  this  district  belong  mostly  in  the  Carbon- 
iferous system,  but  a  few  hundred  feet  (400  ±)  of  Devonian  rocks  are 
represented.  Of  the  Carboniferous  rocks  only  those  in  the  Pennsyl- 
vanian  series  are  of  interest  in  this  connection,  since  all  the  coal  beds 
are  confined  to  this  series.  As  developed  in  this  area,  the  Pennsyl- 
vanian  comprises  the  Conemaugh,  Allegheny,  and  Pottsville  forma- 

<*  In  the  field  work  on  which  these  notes  are  based  the  writer  was  assisted  by  Lawrence  Martin. 
L      This  preliminary  statement  will  l)e  followed  by  a  detailed  report  on  the  same  region,  which  will  be 
published  as  a  i)ulletin  of  the  Survey. 
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tions,  in  all  about  1,200  feet  of  beds.  These  formations  correspond, 
respectively,  with  the  ''Lower  Barren  Coal  Measures,"  the  "Lower 
Productive  Coal  Measures,"  and  the  "Millstone  grit"  or  "Pottsville 
conglomerate"  of  the  Second  Geological  Survey  of  Pennsylvania. 
The  important  coals  of  the  area  are  included  in  the  Allegheny  forma- 
tion, though  the  Conemaugh  and  Pottsville  both  contain  beds  that 
are  locally  workable,  but  probably  not  valuable  commercially.  The 
Allegheny  formation  contains  at  least  six  coal  beds  which  at  various 
points  are  thick  enough  to  be  of  commercial  value.  Of  these,  not 
more  than  four,  and  in  most  places  not  more  than  two  or  three,  are 
persistently  valuable.  The  highest  of  these  beds  is  the  Upper  Free- 
port  or  E  coal.  It  is  known  about  Johnstown  as  the  Coke  Yard  coal 
and  at  South  Fork  as  the  Lemon  or  Four-foot  coal.  It  occurs  at  the 
top  of  the  Allegheny  formation,  almost  directly  below  the  usually 
massive  Mahoning  sandstone,  and  from  230  to  300  feet  above  the  top 
of  the  Pottsville,  or  as  it  is  locally  called,  the  "conglomerate  rock." 
The  Lower  Freeport,  or  D  coal,  is  known  about  Johnstown  as  the 
Limestone  bed,  from  a  2  or  3  foot  layer  of  Umestone  occurring  within 
a  foot  of  its  base.  It  ranges  from  45  to  70  feet  below  the  Upper  Free- 
port  coal. 

The  next  lower  coal  is  known  as  the  Upper  Kittanning,  or  C  coal, 
and  about  Johnstown  it  is  frequently  called  the  Cement  bed.  Like 
the  Lower  Freeport  coal,  it  is  in  general  closely  underlain  by  a  bed  of 
ferruginous  lime^stone  known  as  the  Johnstown  cement  bed.  The 
Upper  Kittanning  is  an  important  coal  about  Johnstown  and  Wind- 
ber,  and  is  one  of  the  most  persistent  and  valuable  coals  in  the  quad- 
rangle. It  occurs  from  80  to  105  feet  below  the  Upper  Freeport  coal, 
though  at  some  points,  as  about  South  Fork,  this  interval  is  slightly 
less.  The  Middle  Kittanning,  or  C  coal,  is  the  next  lower  coal,  but  is 
usually  not  workable  in  this  area.  The  next  lower  coal,  known  as  the 
Lower  Eattaiming,  ACller,  White  Ash,  or  B  bed,  is  the  most  persistent 
and  valuable  bed  in  the  area.  It  usually  lies  180  to  200  feet  below 
the  Upper  Freeport  coal,  and  from  65  to  110  feet  above  the  top  of  the 
Pottsville. 

Between  the  Lower  Kittanning  coal  and  the  top  of  the  Pottsville 
there  are  usually  at  least  two  coal  beds.  One  of  these,  occurring  about 
65  feet  below  the  Miller  bed,  is  worked  at  South  Fork.  It  probably 
corresponds  to  the  Brookville  or  A  coal  of  the  Allegheny  Valley.  The 
other  bed,  known  as  the  Clarion  or  A'  coal,  lies  at  a  small  distance 
above  the  Brookville.  The  upper  coal  showing  at  the  roadside  just 
opposite  the  pumping  station  of  the  Cambria  Steel  Company,  west  of 
Coopersdale,  may  correspond  to  the  Clarion.  It  is  separated  by  10 
feet  of  dark  shale  or  clay  from  the  lower  or  Brookville  coal.  The 
Mercer  coal,  occurring  in  the  Pottsville  formation,  is  as  a  rule  not 
workable  in  this  quadrangle. 
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STRUCTURE. 

The  details  of  the  structure  of  this  area  have  been  only  partially 
worked  out,  and  it  will  be  understood  that  the  statements  made  in  the 
following  paragraphs,  relating  to  structure,  are  subject  to  revision 
when  the  data  have  been  studied  in  greater  detail. 

The  beds  which  have  been  described  above  are  involved  in  a  series 
of  nearly  parallel  folds,  having  a  general  northeast-southwest  trend, 
which  extend  completely  across  the  area  in  a  series  of  waves  from  the 
southeast  to  the  northwest  comer.  In  the  southeast  comer  the  beds 
dip  to  the  northwest  away  from  the  Allegheny  Front  into  the  Wilmore 
basin,  the  dips  ranging  as  high  as  300  to  350  feet  to  the  mile.  The 
Wilmore  basin,  as  its  name  suggests,  passes  through  the  town  of 
Wilmore,  situated  to  the  east  of  Simmierhill  and  outside  this  quad- 
rangle, and  after  crossing  the  reservoir  site  on  South  Fork  of  Little 
Conemaugh  River  passes  to  the  southwest  near  the  town  of  Elton, 
and  from  this  point  onward  coincides  very  closely  in  position  with 
the  South  Fork  branch  of  the  Pennsylvania  Railroad.  It  is  esti- 
mated that  along  the  axis  of  this  basin  the  beds  rise  between  800 
and  900  feet  in  crossing  from  the  eastern  to  the  southern  border  of 
the  quadrangle.  From  the  Wilmore  basin  the  beds  rise  northwest- 
ward to  the  summit  of  the  Ebensburg  (Viaduct)  anticline.  About 
South  Fork  the  rise  is  comparatively  sharp,  at  many  points  exceed- 
ing 400  feet  to  the  mile.  It  is  probable  that  south  of  Little  Cone- 
maugh River  this  anticlinal  axis  swerves  slightly  to  the  southeast 
and  then  returns  to  its  regular  southwest  course.  The  point  where 
it  leaves  the  southern  edge  of  the  quadrangle  is  in  the  vicinity  of 
Eureka  No.  37  mine  of  the  Berwind- White  Coal  Mining  Company, 
but  the  structure  of  this -region  is  not  simple,  the  mine  maps  showing 
many  sUght  irregularities.  The  Johnstown  syncline  is  the  next 
prominent  structural  feature  to  the  west.  Where  it  enters  the  quad- 
rangle near  its  northeast  comer,  this  synclinal  axis  Ues  very  near 
the  Ebensburg  anticUnal  axis,  but  farther  southwest  it  diverges  and 
at  Johnstown  curves  in  somewhat  the  same  manner  ka  the  Ebensburg 
anticline.  The  next  structural  feature  to  the  west  is  the  most  pro- 
nounced in  the  area.  It  is  known  as  the  Laurel  Ridge  anticline. 
This  is  the  *' first  grand  axis"  of  the  Second  Greological  Survey  of 
Pennsylvania.  It  crosses  Conemaugh  River  about  midway  between 
Conemaugh  Furnace  and  Coopersdale  and  passes  to  the  northeast, 
crossing  South  Fork  of  Blacklick  Creek  a  little  over  a  mile  southeast 
of  Twin  Rocks.  Where  the  axis  of  the  fold  crosses  the  valley  of 
Conemaugh  River  the  lowest  beds  in  the  area  are  exposed.  TTiese 
are  the  red  shales  and  sandstones  of  the  Catskill  formation,  aggre- 
gating 400  feet  or  more  above  drainage  level.     This  fold  pitches 
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Aarpty  to  the  northeast,  and  the  Pocono  sandstone,  which  caps  the 
hills  where  the  axis  crosses  Conemaugh  River,  is  below  drainage 
level  where  it  crosses  South  Fork  of  Blacklick  Creek  near  Twin  Rocks, 
dropping  in  this  distance  at  least  1 ,000  feet.  The  basin  west  of  the 
lifturd  Ridge  anticline  is  known  as  the  Westover  basin  in  the  Penn- 
sylvania Geological  Survey  reports.  More  recently  it  has  been  called 
the  Bamesboro  basin  by  the  United  States  Geological  Survey.  The 
course  of  this  basin  has  not  been  very  definitely  determined  as  yet, 
but  it  is  believed  to  enter  the  quadrangle  near  the  boundary  between 
Indiana  and  Cambria  coimties  and  to  pass  south  westward  near  Weh- 
rum,  crossing  Blacklick  Creek  about  a  mile  west  of  Buffington  post- 
office.  West  of  this  basin  the  beds  rise  northwestward  to  the  axis 
of  the  Nolo  anticline,  which  lies  very  close  to  the  northwest  comer 
of  the  quadrangle.  Thus  it  is  evident  that  the  beds  in  the  quad- 
rangle are  involved  in  three  broad,  low  waves,  a  condition  of  great 
practical  importance  in  the  distribution  and  working  of  the  coals, 
fire  clays,  and  other  bedded  deposits  of  economic  importance. 

Besides  the  principal  folds  there  are  many  minor  folds  in  these 
rocks.  A  small  arch  or  anticline  is  exposed  along  Little  Conemaugh 
River  about  a  mile  east  of  Conemaugh  station.  From  this  point 
westward  to  Johnstown  depot  there  are  many  minor  fluctuations,  all 
exposed  along  the  main  line  of  the  Pennsylvania  Railroad.  Between 
Millville  and  Coopersdale  there  is  a  distinct  anticline.  Thus  it  will  be 
seen  that  the  main  broad  Johnstown  syncline  has  been  subjected  to 
many  minor  plications.  It  has  been  thought  by  some  mining  men 
that  these  lesser  folds  about  Franklin  and  along  Clapboard  Run  have 
been  responsible  for  the  so-called  ^'faulting"  which  the  coal  exhibits 
in  tiiis  region.  The  erratic  behavior  of  the  Lower  Kittanning  coal 
may  possibly  be  due  in  part  to  this  cause,  but  the  irregularities  seen 
by  the  writer  are  not  faults,  as  this  term  is  used  in  the  geologic  sense, 
Imt  rather  broad  rolls,  which  seem  to*  have  pinched  out  the  coal. 

COAIiS. 

CHEMISTRY  AND  USES. 

In  the  following  descriptions  no  attempt  is  made  to  present  detailed 
information.  This  will  be  reserved  for  a  future  economic  bulletin 
on  this  area.  It  is  the  aim  here  to  present  general  facts  only,  chiefly 
additional  to  those  heretofore  published  in  the  various  volumes  of  the 
geological  surveys  of  Pennsylvania. 

The  coals  in  this  district  are  of  the  soft,  lustrous,  semibituminous 
variety.  They  are  best  adapted  for  steaming  and  domestic  purposes 
and  to  a  less  extent  for  coking.  They  are  regarded  as  smokeless 
coals  owing  to  their  small  content  of  volatile  hydrocarbons.     They 
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are  uniformly  high  in  carbon  and  contain  small  amomits  of  volatile 
matter  and  moisture.  The  ash  and  sulphur  contents  are  variable, 
but  in  general  terms  high  as  compared  with  other  Appalachian  coals — 
for  instance,  those  of  West  Virginia  and  eastern  Kentucky.  Some 
analyses  of  samples  collected  according  to  present  Survey  methods 
are  listed  below: 


Analyses  of  coal  samples  from  Johnstovm  quadrangle,  Pennsylvania  A 


Upper  Freeport  (E). 

Lower 
Free- 
port 
(D). 

• 

Upper  Kitt 

uuiing 
H. 

(C). 

A. 

B. 

2.82 
15.61 
70.32 
11.25 

2.42 

C. 

D. 

4.73 

13.78 

72.27 

9.22 

1.09 

E. 

2.81 

15.07 

72.64 

9.48 

1.92 

F. 

1.67 
18.52 
h9.14 
10.67 

3.46 

G. 

2.60 
14.10 

1- 

J. 

Analysis  of  sample  as   re- 
ORived: 

Moisture r 

Volatile  matter 

2.65 
14.86 
72.38 
10.11 

2.06 

3.04 
16.27 
73.47 

7.22 
2.18 

1.94 
l.«i.  81 

2.93 
13.47 
74.06 

9.54 

L8S 

3.61 
17.16 

Fixed  carbon 

72.0*     70.77 

11.25  :  11.48 

2.79  !    3.73 

69.04 

Ash 

10.29 

Sulphur 

2.01 

Loss  of  moisture  on  air  dry- 
itip 

2.00 

2.10 

2.50 

4.00 

2.20 

1. 00 

1 
2.00  !     1.20 

2.20 

2.30 

Analysis  of  air-dried  sample: 
Moisture 

.66 

15.16 

73.86 

10.32 

2.10 

.74 

15.94 

71.83 

11.49 

2.47 

.55 

16.69 

75.35 

7.41 

2.24 

.76 

14.35 

75.28 

9.61 

1.14^ 

.62 

15.41 

74.28 

9.69 

L96 

.68 

18.71 

69.84 

10.77 

3.49 

.61 
14.39 
73.52 
11.48 
•2.85 

.75 

16.00 

71.63 

U.62 

3.78 

.75- 

13.77 

75.73 

9.75 

1.92 

1.24 

Volatile  matter. 

17.56 

Fixed  carbon 

70.67 

Ash 

10.53 

Sulphur 

2.06 

K. 

2.70 

15.64 

74.03 

7.63 

L93 

L. 

Lower  Kittanning 

(B). 
Q. 

li. 

2.79 

17. 76 

73.20 

6.25 

1.88 

S. 

M. 

2.81 

14.66 

76.75 

6.78 

L33 

N. 

0. 

2.21 
14.32 
78.16 

5.31 
.47 

P. 

T. 

Analy 
oeiv< 

Bis  of  sample  as   ri'- 

k1: 

Moisture 

2.03 

14.47 

75.31 

&I9 

2.26 

4.14 

79.97 

L26 

4.18 

7,823 
14,081 

1.78 

15.19 

73.25 

9.78 

4.50 

4.16 

77.10 

1.41 

3.05 

7.B12 

^.24 
15.70 
78.87 

3.  (-9 
.77 

2.(i3 

17.85 

73.24 

6.28 

1.49 

3.12 

17.89 

70.86 

8.14 

2.74 

3.07 

2' 

Volatile  matter 

Fixed  carbon 

17.64 
72.85 

^ 

fAsh 

6.44 

[ISulphur 

1.38 

• 

nydrogen 

Carbon 

Calori 
Ca 
Bi 

Loss  c 
ing. 

Analy 

Nitrosen 

Oxygen 

Be  value  determined: 
lories ....        

Itish  thermal  units .... 

13,702 

►f  moisture  on  air  dry- 

1.80 

1.40 

1.90       1.10 

1.60 

1.60 

2.00 

2.10 

2.50 

2.50 

sis  of  air-dried  sample: 
[Moisture 

.91 

15.93 

75.39 

7.77 

1.97 

.64 

14.67 

76.38 

a  31 

2.29 

4.04 

81.10 

L27 

2.99 

7,934 
14,281 

.93 

14.94 

77.22 

6.91 

L36 

.69 

15.36 

74.06 

9.89 

4.55 

4.08 

77.95 

1.43 

.62 

14.55 

79.43 

5.40 

.48 

.r>5 

15.95 

79.65 

3.75 

.78 

.64 

18.21 

74.74 

6.41 

1.52 

.71 

18.14 

74.77 

6.38 

1.92 

.64 

18.35 

?2.67 

8.34 

2.81 

.58 

2' 

Volatile  matter 

Fixed  cart>on 

18.09 
74.72 

^ 

/Ash 

6.61 

Sulphur 

1.42 

• 

'.  hydrogen 

4^ 

Carbon 

Calori 
Ca 
Bi 

Nitrogen 

Oxygen 

2.10 

Ic  value  determined: 
lories 

7,697 
13.854 

'itish  thermai  units 

1 

. 

o  All  analyses  given  in  this  paper,  unless  otherwise  stated,  worp  made  at  tho  fiiol-tosting  plant  of  the 
United  States  Qeolc^cal  Survey  at  St.  Louis,  Mo.;  J.  A.  Holmes,  in  charge;  F.  M.  Stanton,  bhemist. 
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AnaHyuM  of  coal  samples  from  Johnstown  quadrangle^  Pennsylvania — Continued. 


A.  Confflnaugh. 

B.  Johnstown. 

C.  South  Fork. 

D.  Stony  Creek  near  trolley 
bridge  between  Moxham  and 
Femdale,  south  of  Johnstown. 

B.  South  Fork. 
F.  Franklin. 

0.  Dale. 

H.  Johnstown. 

1.  Moxham. 

J.  Solomons  Run,  southeast  of 
Johnstown. 


K.  Franklin. 

L.  Johnstown. 

M.  Near  WalsaU. 

N.  Stony   Creek,  Somerset 

County,  south  of  quadrangle. 
O.  South  Fork. 
P.  South  Fork. 
Q.  Nant-y-Glo. 
R.  Nant-y-Glo. 
S.  Vintondalo. 
T.  Twin  Rocks. 
U.   Ntmr  Weber  station,  Black 

Lick  Creek. 


V.  Twin  Rocks. 
W.  Wehrum. 
X.  Ehrenfeld.a 
Y.  Ehrenfeld.a 
Z.  Scalp  Level. 
AA.  Windlwr.ft 
BB.  Windber.ft 
CC.  South  Fork. 


Lower  Kitti 

uminK  ( 

B). 

Brook- 
ville. 

(A). 

U. 

V. 

W. 

X. 

Y. 

Z. 
2.31 

laoo 

76.60 
7.01 
LIO 

AA. 

BB. 

0.50 
16.61 
76.76 

6.04 
.01 

CC. 

oein 

■is  of  sample  as  re- 

»d: 

riCoifltare 

2.80 

17.30 

73.28 

6.62 

2.46 

3.45 

18.82 

7L18 

6.55 

2.01 

2.50 

18.91 

70.33 

8.17 

4.04 

3.40 
16.12 
74.68 

5.71 
.05 

3.00 

16.66 

74.70 

5.46 

L18 

LIO 

15.80 

75.60 

7.41 

L40 

2.35 

M 

s 

Volatile  matter 

Fbced  carbon 

14.30 
71.40 

A< 

jAah 

11.05 

'  Suiphor 

3.30 

1  vQfoflsen ............. 

4.22 

♦2 

Carbon 

75.16 

o 

Nltrogi^n .  r 

L13 

Oxygen 

4.24 

Calorli 
Ca 

)c  value  determined: 
lories 

7,382 

Bi 

itiah  thermal  units 

- 

• 

13,288 



1 

LoM  of  moisture  on  air  dry- 
ing  

2.00 

3.00 

2.00 

2.80 

2.20 

1.60 

1.80 

Anaiyi 

Bia  of  air-dried  sample : 
Moisture 

.82 

17.65 

74.77 

6.76 

2.51 

.46 

10.40 

73.38 

6.76 

2.07 

.60 

10.30 

7L77 

8.33 

4.12 

.71 

16.58 

76.83 

5.88 

.08 

.01 

17.03 

76.47 

5.50 

L21 

.72 

14.22 

77.04 

7.12 

L21 

.56 

M 

Volatile  matter 

Fixed  carbon 

14.56 

s 

72.71 

04 

/Ash 

12.17 

• 

Calori 
Ca 
Bi 

f  Sulphur 

3.36 

Ivdrosen 

4.00 

Carbon 

76.53 

Nitrogen 

1.15 

Oxygen 

2.71 

Qc  value  determined: 
lories 

7,517 

Itlsh  thermal  units 

13,532 

a  J.  S.  Burrows,  colloctor.    Sec  Bull.  U.  S.  Geol.  Survey  No.  290.  1906.  p.  170. 

f>  Analyses  of  sample  of  carload  .shipped  by  operators  to  St.  Louis.    See  Bull.  U.  8.  Qeol.  Survey  No. 
361, 1005,  p.  5L 

CHARACTER  OF  THE  COAL. 


UPPER   FREEPORT   COAL. 

The  highest  important  coal  is  known  as  the  Upper  Freeport  coal. 
It  is  used  as  a  domestic  and  steam  fuel  about  Johnstowli  and  South 
Fork,  suppljring  also  some  of  the  brick  plants  at  the  former  city.  The 
coaJ  from  this  bed  is  used  almost  exclusively  for  steaming  purposes. 
It  gives  satisfactory  results,  particularly  when  used  for  generating 
steam  in  locomotives.  It  is  not  used  for  coking  purposes  in  this 
area,  though  at  Cresson,  Gallitzin,  and  Bennington  it  is  coked  with 
satisfactory  results  in  beehive  ovens.  In  the  by-product  ovens  of  the 
Cambria  Steel  Company  at  FrankUn,  near  Johnstown,  it  was  found  to 
be  unsuitable  owing  to  expansion,  which  quickly  ruined  the  ovens  and 
made  it  very  difficult  to  force  out  the  charge  after  it  was  coked.     The 
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analyses  of  this  coal  as  given  on  page  24  show  it  to  be  a  high-carbon 
coal  with  very  low  moisture.  The  ash,  especially  in  the  first  two 
samples  collected  in  the  Johnstown  basin,  is  high.  Its  sulphur  con- 
tent, ranging  from  2  to  2}  per  cent,  is  also  rather  high. 

LOWER  FREEPOBT   COAL. 

The  Lower  Freeport  or  D  coal  is  of  workable  thickness  about  Johns- 
town and,  though  not  exploited  at  the  present  time,  will  probacy  be 
one  of  the  important  coals  of  the  future  in  this  district.  In  the  sample 
collected  south  of  the  city,  the  analysis  of  which  is  given  on  page  24, 
the  clay  partings  were  not  included,  as  these  will  be  discarded  when 
this  bed  is  worked  on  a  commercial  scale.  The  percentage  of  carbon 
is  high  and  comparable  with  this  constituent  in  other  coals  in  this 
district.  The  moisture  is  not  representative,  as  the  material  was 
procured  near  the  outcrop.  The  ash  runs  rather  high,  but  not  above 
the  average  of  the  coals  of  the  area'.  The  coal  from  this  bed  is  not 
considered  good  in  the  region  about  Johnstown,  but  the  analysis  of 
the  sample  collected  near  Stony  Creek  indicates  that  in  this  locality, 
where  the  coal  is  persistent  and  of  workable  thickness,  it  may  be  of 
some  commercial  importance. 

UPPER   KrrTANNING   COAL. 

The  Upper  Kittanning  or  C  coal  is  one  of  the  most  valuable  beds 
about  Johnstown  and  its  suburbs,  where  it  is  known  as  the  ''cement 
seam.''  To  the  south,  about  Windber,  recent  prospecting  has  shown 
it  to  be  even  thicker  than  about  Johnstown.  As  a  steaming  coal  it  is 
probably  equal  if  not  superior  to  any  other  coal  in  the  Johnstown 
basin,  and  the  recent  demand  for  it  in  the  market  has  been  greater 
than  the  supply.  The  six  analyses  (p.  24)  show  a  high-carbon  coal 
with  correspondingly  low  volatile  matter.  The  moisture  is  low,  but 
the  ash  and  sulphur  are  rather  high.  The  coal  mined  from  this  bed 
at  Franklin  mine  No.  1  of  the  Cambria  Steel  Company  is  washed  and 
coked  at  the  Franklin  plant.  It  makes  a  good  grade  of  coke,  but, 
owing  to  its  low  volatile  matter,  it  is  not  considered  so  well  adapted 
for  beehive  ovens  as  some  of  the  richer  gas  coals  of  the  districts  farther 
west.  When  the  cost  of  shipping  coke  from  the  region  about  Connells- 
ville  and  Pittsburg  is  considered,  it  is  found  cheaper  to  wash  and  coke 
this  coal  on  the  ground. 

LOWER   KrrTANNING   COAL. 

The  next  lower  coal  of  importance  in  this  area  is  the  Lower  Kit- 
tanning  or  B  ^al.  It  is  widely  known  also  as  the  '*  Miller  seam." 
This  is  the  most  persistent  of  the  valuable  coals  in  the  area.  From 
the  analyses  given  on  pages  24-25,  it  will  be  seen  that  its  fixed  carbon 
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ranges  from  70  per  cent  in  the  sample  collected  at  Wehrum  to  78  per 
cent  in  a  sample  collected  at  South  Fork.  Its  volatile  matter  raises 
from  14  to  19  per  cent.  The  moistm^  is  low,  and  only  in  a  few- 
analyses  do  the  figures  show  more  than  3  per  cent.  The  ash  and  sul- 
phur exhibit  considerable  variation,  as  might  naturally  be  expected 
in  view  of  the  wide  extent  of  the  territory  from  which  the  samples 
were  collected.  The  samples  from  South  Fork  have  the  lowest  con- 
tent both  in  sulphur  and  ash  and  show  the  excellent  character  of  the 
Miller  bed  in  this  part  of  the  Wilmore  basin.  As  a  steam  coal  it 
ranks  among  the  very  best  of  western  Pennsylvania,  the  coal  mined 
about  South  Fork  probably  equaling  any  other  steam  coal  in  this 
part  of  the  State.  As  bearing  on  this  point  the  following  table  has 
been  prepared,  showing  its  position  among  the  120-odd  coals  tested 
at  the  fuel-testing  plant  of  the  United  States  Geological  Survey  at 
St.  Louis,  Mo.,  since  the  summer  of  1904.**  The  column  recording 
the  number  of  pounds  of  water  evaporated  by  1  pound  of  dry  coal 
from  and  at  a  temperature  of  212*^  F.  gives  the  comparative  results 
of  the  coals  tested,  so  far  as  these  relate  to  their  commercial  values. 

Chemical  composition  and  steaming  values  of  typical  Appalachian  coals. 


Average  chemical  composition. 

Avenge 
pounds  of 

Num- 

water evap- 

Location. 

ber  of 
tests 

Mois- 

Volatile 

Fixed 

Ash. 

Sul- 

orated 
from  and  at 

made. 

ture. 

matter. 

carbon. 

phur. 

212**  F.  per 

pound  of 

dry  coal. 

Paire.  Fayette  County,  W.  Va 

2 

4.06 

30.35 

61.54 

4.  OS 

0.90 

10.646 

Do  

1 
2 

2.85 
2.76 

3a  13 
20.50 

64  78 
70.05 

2.24 
6.61 

1.06 
.98 

10.53 

McDonald.  Fayette  Countv,  W.  Va.... 
Big  Black  Mountain.  HarLan  County. 

ia36 

2 
2 

5.06 
2.12 

34.77 
21.91 

56.31 
70.73 

3.86 
&24 

.56 
.67 

10.26 

Rush  Run  Fayette  Countv.  W.  Va 

Ehrenfeld,  Cambria  County,  Pa 

Wlnifrede,  Kanawha  County.  W.  Va. . 
Acme.  Kanawha  County.  W .  Va 

iai95 

5 

2.38 

1&53 

74.47 

6.62 

.96 

iai86 

4 

a79 

35.33 

55.76 

&12 

1.11 

iai6 

4 

2.93 

32.66 

57.64 

6.77 

1.23 

la  115 

Poweliton,  Fayette  County,  W.  Va 

1 

3.42 

31.11 

50.47 

6.00 

.82 

iao9 

Near  Bretx.  Preston  County.  W.  Va... 

3 

4.20 

28.05 

6a  86 

6.80 

1.28 

laOT 

The  results  of  tests  on  the  Ehrenfeld  samples,  although  showmg  a 
range  of  9.75  to  10.42  poimds  of  water  evaporated  per  poimd  of  dry 
coal  used,  are  yet  when  averaged  among  the  very  best  made  at  the 
testing  plant.  Each  sample  submitted  to  the  steaming  test  was 
analyzed  and  the  accompanying  analyses  represent  averages  of  the 
total  number  made,  as  do  the  figures  representing  the  efficiency  of 
the  coals  as  steam  producers.  It  is  of  interest  to  note  that  the 
Ehrenfeld  coal  contains  the  largest  percentage  of  fixed  carbon  and  the 
lowest  amount  of  volatile  matter  of  all  the  samples.  For  the  details 
of  the  conditions  of  these  steaming  tests  the  reader  is  referred  to  the 
publications  cited  above. 

a  Bull.  U  S.  Oeol.  Survey  Nob.  261, 1905,  and  200, 1906. 
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This  coal  is  coked,  but  it  does  not  rank  so  high  as  a  coking  coal  as  it 
does  as  a  steam  producer.  A  test  was  made  on  a  sample  of  this  coal 
with  the  following  results:** 

Coking  test  of  Lorvtr  Kittanning  coal  from  Ehrenfeld,  Pa. 

[Coal  finely  cmabed.    Duration  of  test.  51  hours.] 

Coal  charged pounds. .  10, 000 

Coke  produced do 5, 223 

Breeze  produced do 1, 600 

Coke  produced per  cent. .     52. 23 

Breeze  produced do 16. 00 

68.23 

The  coke  was  dull  gray  in  color,  and  was  soft  and  dense.  It  was 
broken  into  large  and  small  chunks,  had  a  heavy  black  butt,  and  was 
hard  to  bum. 

Analyses  of  coal  and  coke  from  Ehrenfeld,  Pa. 


Coal. 

Coke. 

Moisturn 

a32 

1&56 

74.29 

&83 

1.12 

a  91 

Volatile  matter 

2.16 

Fixed  carbon 

88.99 

Ash 

7.94 

Sulphur 

.91 

The  yield  of  coke  from  this  test  is  comparatively  high,  but  the 
poor  quality  of  the  coke  shows  that  this  coal  does  not  belong  among 
the  best  coking  coals  of  western  Pennsylvania  and  West  Virginia. 
The  coal  mined  at  Franklin  (analysis  K,  p.  24)  is  coked  by  the  Cam- 
bria Steel  Company  in  by-product  ovens  for  use  in  the  company's 
plant  near  Johnstown,  and  gives  satisfactory  results,  but  before 
coking  the  coal  is  washed,  thereby  adding  to  the  cost  of  the  coke. 
Even  with  this  additional  item  of  cost,  it  is  foimd  cheaper  to  coke  this 
coal  on  the  ground  than  to  buy  coke  of  better  quality  from  the 
Connellsville  region.  Tests  have  been  made  by  the  Cambria  Steel 
Company  with  the  coal  mined  from  this  bed  about  Ehrenfeld,  and  the 
resulting  coke  proved  well  adapted  to  metallurgical  purposes.  The 
yield  also  was  satisfactory.  The  coal  mined  at  Nant-y-Glo  from  this 
bed  has  been  tested  in  beehive  ovens  at  Gallitzin.  It  produced  coke 
of  good  structure,  but  of  a  rather  dull  appearance.  As  was  to  be 
expected,  an  insufficient  amount  of  sulphur  was  volatilized.  At 
Bennington  this  coal,  like  the  Upper  Freeport,  shows  a  higher  con- 
tent in  volatile  matter  than  it  does  about  South  Fork  and  Johnstown. 
The  Lackawanna  Coal  and  Coke  Company  has  experimented  with  it 
about  Wehnnn,  ])ut  the  washeries  are  now  shut  down  and  the  results 
of  the  coking  test«  were  not  learned.     The  Vinton  Colliery  Company 

a  BuU.  U.  S.  Gcol.  Survc-y  No.  290,  1906,  p.  181. 
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is  now  building  a  large  by-product  plant  at  Vintondale  and  the 
results  will  be  awaited  with  great  interest  by  the  operators  along 
Blacklick  Creek. 

LOWER   COALS. 

The  coals  below  the  Lower  Kittanning  bed  have  not  been  exten- 
sively developed  in  this  area.  At  South  Fork  a  bed  lying  about  60 
feet  below  the  Miller  coal  and  knowTi  locally  as  the  "dirty  A''  or 
"6-foot  seam ^'  has  been  opened.  It  is  possible  that  this  corresponds 
to  the  Brookville  or  coal  A  of  the  Allegheny  Valley.  It  has  a  com- 
position indicated  by  analysis  CC  .on  page  25,  and  from  the  high  ash 
and  sulphur  content,  aggregating  more  than  15  per  cent,  deserves  the 
name  which  is  often  applied  to  it.  It  other  respects  the  analysis  cor- 
responds with  those  of  other  coals  of  the  area,  being  relatively  high 
in  fixed  carbon  and  low  in  volatile  matter. 

PHYSICAL   CHARACTER   OF   THE   COALS. 

The  characteristics  of  these  coal  beds  in  addition  to  those  already 
outlined  are  presented  in  the  following  paragraphs,  and  for  this  pur- 
pose the  area  may  be  divided  into  the  following  districts:  Johnstown, 
South  Fork,  Black  Lick  Creek,  Windber,  Conemaugh  Furnace. 

JOHNSTOWN   DISTRICT. 

The  Johnstown  district  includes  the  territory  lying  about  the  city 
of  Johnstcnvn,  including  its  suburbs.  It  produced  during  1905  about 
1,750,000  tons  of  coal,  valued  at  about  $1,750,000.  The  important 
operations  in  this  district  extend  from  Franklin  and  East  Conemaugh 
westward  to  Coopersdale  along  the  main  line  of  the  Pennsylvania 
Railroad,  and  southward  from  the  city  along  the  Baltimore  and 
Ohio  Railroad  beyond  Moxhom.  Important  operations,  though 
small,  arrc  also  conducted  on  Clapboard,  Hinckston,  Peggys,  Solomons, 
St.  Clairs,  and  Sanio  nms.  The  commercial  coals  in  this  area  are 
confined  entirely  to  the  Allegheny  formation. 

There  are  four  and  in  places  five  coals  of  workable  thickness  in  this 
district — the  Upper  Freeport  or  Coke  Yard  bed,  the  Lower  Free- 
port  or  Limestone  bed,  the  Upper  Kittanning  or  Cement  bed,  and 
the  Lower  Kittanning  or  Miller  bed.  The  Middle  Kittanning  is  of 
workable  thickness,  so  far  as  known,  at  only  a  few  points  and  can 
not  he  classed  among  the  commercial  coals  of  this  district.  The 
coals,  except  the  Lower  Kittanning,  lie  at  convenient  intervals  above 
drainage  level  in  all  the  hills  surrounding  the  city  and  most  of  its 
suburbs  and  are  extensively  w^orked. 

Upper  Freeport  coal. — The  largest  operation  on  the  Upper  Freeport 
bed  is  that  of  the  Cambria  Steel  Company  at  the  Conemaugh  slope, 
which  produces  yearly  about  60,000  tons.  The  Femdale  Coal  Com- 
pany also  operates  on  an  extensive  scale,  producing  about  30,000 
tons  yearly.     There  are  many  smaller  mines  worked  the  year  roimd, 
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and  many  smaller  banks  worked  only  during  the  winter  season. 
These  small  operations  are  more  in  the  nature  of  coimtiy  banks  and 
have  not  been  indicated  on  the  map. 

To  give  a  fair  idea  of  the  thickness  of  this  bed  in  the  district^  the 
following  sections  selected  from  well-scattered  points  are  given: 

Sectiong  of  Upper  Frtep(trt  coal  near  Johnstown. 


Roof. 


Main      Part- 
l)cnch.     Ing. 


Fumdalo  Coal  Co '  Shale .  * 

Cam!)ria  Stral  Co..  Conomaugh  slope i  Done 

Berkebile  (?oal  Co ]  Siindy  shale 

Williani  Davis Shale  and  l)one. 

Davis  mine,  Gnihtown Shale 

George  I  leldingsfWder.  Solomons  Run '  Shale 


Inchra  j  IncheM.l  Inekei. 


■\ 


38 
38 
38 
39 
42 
36 


I 


5-6 
1 

a 

4 
2 


4-6 

4 


a-4 
^2 


I 


Floor. 


GUy. 
CUy. 

CUy. 


These  are  average  sections.  They  show  a  main  bench  3  to  3}  feet 
thick,  with  a  lower  bench  half  an  inch  to  6  inches,  separated  by  a 
bone  and  shale  parting  1  to  6  inches  in  thickness.  The  lowe;r  bench 
is  not  invariably  present  and  in  places  it  is  bony  in  character.  Only 
the  main  bench  is  worked  and  tl>e  bone  and  shale  below  it  may  be 
regarded  as  a  floor.  As  a  rule  no  partings  were  noted  in  the  main 
bench  in  this  <listrict.  It  thus  differs  markedly  from  the  equivalent 
bed  about  South  Fork.  The  maximum  thickness  does  not  exceed 
4  feet;  the  minimum  is  about  2  feet  and  is  caused  by  rolls,  but  theee 
are  extremely  rare  and  the  coal  is  characterized  by  marked  uniform- 
ity. There  are  few  or  no  clay  veins.  The  roof  is  usually  shaly  in 
character,  but  is  firm  and  little  or  no  typical  draw  slate  was  reported. 
At  one  or  two  abandoned  banks  gas  was  reported  and  also  in  some 
of  the  older  workings  in  one  of  the  larger  mines;  it  is  none3q>lo8iYe 
and  may  be  carbon  dioxide. 

Lower  Freepfjrt  cwil, — The  Lower  Freeport  coal  is  known  as  the 
Limestone  coal  al)out  JohnstowTi.  It  has  been  prospected  at  many 
points  about  the  city  and  it,s  suburbs,  but  it  is  not  mined  at  the 
present  time.  The  most  promising  outcrops  were  observed  along 
Stony  Crecik  from  th(^  vicinity  of  the  Valley  Coal  and  Stone  Com- 
pany's min<».  northward  to  (Jrubtown.  In  this  region  the  following 
sections  wi^re  measiin'd: 

Sect  in  m  i\f  l.innr  Fnrport  coal  mar  Johnstown. 


KfHif. 


stony  CnN'k  near  trolloy     Miissive  siimlNtfino 

l)rll!p'.  .  .    .     , 

On  B«lllnjon»an<l  Ohio  It.     SaM<l;4ton«'fir  shiily  !  H)\-V2 

R.,  woHl  of  LorBlni'  Stc«l        wnnlsioiic 
Co.'s  plant. 

South    of    K<*mvillc   iwht     SmulKton*' 

Cilizons'      CohI       (o.'s 
Eighth  WhhI  nihil'. 


Top 
l>cnch. 

Parting 
( lK»ne 

or 
shnk'). 

Middle 
l)ench. 

Parting 
(bone 

or 
Bhalo). 

Lower 
bench. 

Floor. 

Inchr/t.    Inches,  i  Inches. 
12  '            1           22 

Incke». 

1 

/ndkec. 

4 

Ctay. 

lOi-l-i 

14          21 

1 

5 

ChV. 

14 

1-2           24 

1                1 

i 

4 

ChV. 

COAL  OF  JOHNSTOWN,  PA,,  AND  VICINITY, 


81 


The  coal  lies  in  three  distinct  benches,  separated  by  thin  shale 
and  bone  partings.  The  upper  bench  averages  about  a  foot  thick 
and  the  middle  bench  about  2  feet.  It  is  possible  that  in  the  com- 
mercial development  of  this  bed  only  these  two  benches  will  be 
worked,  and  the  imderlying  coal  and  bone  will  serve  as  a  floor.  It 
may  be  said,  therefore,  that  from  2}  to  3  feet  of  good  coal  are  pres- 
ent. Immediately  over  the  coal  are  usually  a  few  inches  of  bone 
and  black  shale,  overlain  by  either  sandy  shale  or  massive  sand- 
stone. 

On  Peggys  Run,  near  Franklin,  this  coal  has  been  prospected  by 
the  Cambria  Steel  Company.  It  is  reported  4  feet  thick,  but  so 
badly  broken  up  by  partings  that  it  is  not  commercially  valuable. 

Upper  Kittanning  (Cement)  hed. — ^The  Upper  Eattanning  coal  out- 
crops at  a  height  above  drainage  level  that  is  convenient  for  exploi- 
tation at  practically  all  points  about  Johnstown.  West  of  the 
city  the  operations  of  the  Cambria  Steel  Company  in  the  Rolling 
Mill  mine  have  been  pushed  westward  in  Upper  Yoder  Township 
beyond  Mill  Creek,  and  the  coal  has  showed  no  indication  of  becom- 
ing too  thin  to  work.  Where  observed  along  Bens  Creek  in  Somer- 
set County  it  is  also  of  workable  thickness.  The  westward  dips 
toward  the  Johnstown  basin  carry  this  bed  below  drainage  level 
less  than  a  mile  east  of  the  Baltimore  and  Ohio  tunnel  south  of 
Moxhom. 

This  coal  is  the  most  extensively  exploited  of  all  the  beds  in  this 
district.  It  is  worked  on  a  commercial  scale  from  Franklin  as  far 
west  as  Coopersdale  and  to  the  south  beyond  Moxham.  Many 
operations,  though  small,  are  conducted  along  Solomons  and  Samo 
runs.  The  mines  in  operation  about  the  city  may  be  seen  from  the 
accompanying  map  (PI.  II,  p.  20).  One  of  these  mines,  the  Rolling 
Mill  mine  of  the  Cambria  Steel  Company,  is  the  largest  in  the  area 
and  one  of  the  largest  in  the  State,  having  a  daily  output  of  about 
3,000  tons.  The  thickness  of  this  coal  may  be  seen  from  the  fol- 
lowing sections,  selected  from  well-scattered  points: 

Sections  of  Upper  Kittanning  coal  in  Johnstovm  district. 


Roof. 


Cambria  Steel  Co.,  Rolling  Mill  mine.. 
Valley  Coal  and  Stone  Co 


Kelso  Smokeless  Coal  Co 

Suppes  Coal  Co 

Natural  exposure  near   East  Cone- 

maugh. 
Samuel  Fuge,  Cambria  City 


Shale  or  sandstone  underlain  by 

4  to  8  Inches  of  bone. 
Sandstone  underlain  by  8  to  10 

Inches  cl  bone. 

Shale 

Shale 

Sandstone 

Shale  underlain  by  1  Inch  of  bone 


Main 
bench. 


Inches. 
36-39 

54 

62 
42 
35^ 

32 


Floor. 


Shale  underlain  by 

limestone. 
Shale. 

Shale. 
Shale. 
Limestone. 

Shale. 


This  bed  varies  somewhat  in  thickness  about  Johnstown,  but  aver- 
ages between  3  and  3J  feet  of  coal.     Rarely  does  it  exceed  4  feet,  and 
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at  a  few  mines  less  than  3  feet  has  been  measured.  South  of  the  city 
it  is  thicker,  and  along  Stony  Creek,  on  the  Baltimore  and  Ohio  Rail- 
road, the  sections  average  about  5  feet  of  coal.  This  thick  coal  con- 
tinues southward  to  the  Windber  district.  There  is  usually  a  thin 
bony  streak  at  the  top  of  this  bed  which  is  discarded  in  mining,  and 
locally  a  few  inches  of  bone  at  the  bottom;  but  the  rest  of  the  bed  is 
good,  clean  coal,  generally  of  uniform  quaUty  throughout.  In  a  few 
mines  the  upper  foot  is  reported  soft  and  the  lower  harder  than  the 
average.  The  roof  of  the  coal  is  either  very  dense  shale  or  sandy  shale 
and  sandstone  and  gives  no  trouble  whatever.  The  floor  is  usually  a 
few  inches  of  firm  shale,  closely  imderlain  by  the  cement  bed.  The 
coal  is  remarkably  uniform  and  few  rolls  are  reported.  Clay  veins 
are,  however,  rather  numerous  and  occasionally  considerable  annoy- 
ance is  caused  by  gas,  necessitating  the  use  of  safety  lamps. 

Middle  Kittanning  coal, — Aa  a  rule  the  Middle  Kittanning  coal  is 
not  workable  in  this  district,  though  it  is  very  persistent  and  hence 
serves  as  an  additional  check  on  the  identity  of  the  beds  above  and 
below.  It  has  been  opened  at  Coopersdale,  where  it  is  about  25  feet 
above  the  Lower  Kittanning  coal,  at  the  brick  plant  of  A.  J.  Hawes  & 
Sons  (Limited),  and  shows  a  thickness  of  30  inches,  with  more  con- 
cealed. It  is  also  of  workable  thickness  at  the  head  of  Solomons  Run. 
Though  it  is  locally  workable,  it  can  not  be  classed  among  the  com- 
mercial coals  of  the  district. 

Lower  Kittanning  coal, — Immediately  about  Johnstown  the  Lowet 
Kittanning  coal  is  below  drainage  level  and  the  mines  working  it  are 
either  slopes  or  shafts.  The  rise  of  the  beds  brings  the  coal  above 
drainage  level  east  of  the  city,  and  it  is  worked  by  drifts  at  Franklin 
and  East  Conemaugh  and  on  Clapboard  Run.  It  is  also  above  drain- 
age level  west  of  the  city,  and  is  worked  near  Coopersdale,  west  of 
Morrellville,  and  on  St.  Clair  and  Laurel  runs.  It  has  been  opened 
on  Stony  Creek  south  of  Kring. 

This  coal  is  of  importance  in  all  parts  of  the  quadrangle.  The 
developments  on  it  are  important  and  extensive,  as  will  be  se^n  from 
the  map  (PI.  II,  p.  20).  A  few  of  the  representative  sections  in  the 
region  about  Johnstown  are  as  follows: 

Sections  of  Lower  Kittanning  coal  {^^  Miller  seam")  near  Johnsioum. 


W.  J.  Williams,  KeraviUo 

Citizens'  Coal  Co..  Adams  street 

A.  J.  Uawcs  &  Sons  (Limited)  shaft. 
A.  J.  Hawes  &.  Sons  (Limited),  Coop- 
ersdale. 
Cambria  Steel  Co.,  Frankiin  No.  2... . 

Keystone  Coal  and  Coke  Co.,  C'One- 
maugh  mine. 


Roof. 


Sandstone  or  shale 

Shale 

Sliale  or  sandstone 
do 

Sandstone  or  shale 

Shale 


Main 
bench. 

Part- 
ing. 

Lower 
bench. 

Inches. 

36-42 

42 

37 

43 

42-44 

46 

Inches. 

Inches. 

14 

7 

,? 

6-10 

8-14 

Floor. 


Shale. 
Firo  clay. 

Do. 

Do. 

Fire  clay  and 

shale. 
Clay. 
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The  workable  coal  is  present  in  a  single  bench  ranging  mainly  from 
3  to  3)  feet  in  thickness,  though  locally  it  reaches  4  feet.  Below  the 
main  bench  and  separated  from  it  by  a  few  inches  of  shale  and  bone 
there  is  commonly  a  lower  bench  from  3  inches  to  a  foot  thick.  This 
lower  coal  is  usually  not  woAed.  Below  the  lower  bench  or,  in  its 
absence,  below  the  main  bench,  there  is  uniformly  a  thick  bed  of  fire 
clay.  In  nearly  all  the  coal  mines  about  Johnstown  the  under  clay 
is  mined  in  addition  to  the  coal,  though,  of  course,  not  on  anything 
like  the  same  scale.  The  roof  of  the  coal  is  hard  and  firm  and  gives 
no  trouble  whatever.  There  are  few  or  no  clay  veins.  The  floor  is 
irregular,  and  numerous  rolls  are  reported  which  in  many  places  cut 
out  the  coal.  At  Franklin  and  along  Clapboard  Run  much  difficulty 
has  been  experienced  on  accoimt  of  the  irregular  character  of  the  floor. 
These  irregularities  have  led  to  much  expensive  dead  work  near 
Franklin  and  have  caused  the  abandonment  of  large  operations  along 
Clapboard  Run. 

Lower  coals, — Coals  lower  than  the  Lower  Eattanning  are  exposed 
in  this  district.  At  Coopersdale  the  Pottsville  sandstone  appears  at 
road  level  just  Vest  of  the  brick  plant  of  A.  J.  Hawes  &  Sons  (Limited). 
Just  above  the  top  of  the  Pottsville  there  are  two  small  coal  beds 
exposed,  separated  by  about  10  feet  of  dark  shale.  The  section  is  as 
follows: 

Section  above  Pottsville  formation  near  A.  J.  Hawes  &  Sons'  brick  plants  Coopersdale, 

Ft.      In. 

Shale,  dark 10+ 

Coal 1    0-4 

Shale,  black,  with  siliceouB  limestone  concretions 10 

Coal 5i 

Shale  and  bone 4 

Coal....'...: 1    0-5 

Shale  and  bone ^ 0-10 

Sandstone,  massive,  top  of  Pottsville. 

The  coals  are  each  less  than  IJ  feet  thick.  The  lower  and  upper 
probably  correspond  with  the  Brookville  (A)  and  Clarion  (A')  coals, 
respectively,  of  the  Allegheny  Valley.  One  of  these  coals  at  least  is 
exposed  on  Clapboard  Run,  but  is  so  badly  broken  by  partings  as 
to  be  of  no  value  commercially.  South  of  Moxhom  on  Stony  Creek 
the  horizon  of  these  lower  coals  is  also  brought  above  drainage  level, 
but  the  data  on  the  coals  are  so  meager  that  it  is  uncertain  whether 
they  will  be  generally  workable  in  this  vicinity  or  not. 

SOUTH   FORK   DISTRICT. 

The  South  Fork  district  includes  the  territory  about  the  towns  of 
South  Fork  and  Mineral  Point.  In  1905  it  produced  about  1,400,000 
tons  of  coal,  valued  at  $1,500,000. 
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The  important  coals  are  all  included  in  the  Allegheny  formation, 
though  higher  coals  have  been  worked,  but  without  success.  The 
coals  rise  above  drainage  level  just  east  of  Ehrenfeld  station  and  on 
South  Fork  of  Little  Conemaugh  River  just  at  the  southern  part  of 
the  town  of  South  Fork.  They  are  present  in  the  hills  along  Little 
Conemaugh  River  to  the  west  beyond  Mineral  Point. 

Upper  Freeport  coal, — ^The  highest  workable  coal  in  this  district  is 
the  Upper  Freeport.  It  has  been  opened  by  the  Pennsylvania,  Beech 
Creek  and  Eastern  Coal  Company  at  Ehrenfeld,  and  by  the  South 
Fork  Coal  Company  and  H.  C.  and  O.  M.  Stineman  west  of  South  Fork. 
Its  character  is  indicated  by  the  following  sections: 

Sections  of  Upper  Freeport  coal  near  South  Fork. 


South  Fork  Coal  Co 

H.  C.  Stineman,  No.  5 

Pennsylvania,  Beech  Creek  and  Eastern 

Coal  Co.,  No.  8,  Ehrenfeld 

O.  M.  stineman.  No.  3 

Cot  near  Ehrenfeld  station 


Roof. 


Shale . . . 
Shale . . . 

Shale... 


Top       Part-  '  Middle  '  Part-  !  Lower 
bench.      Ing.    I  bench,      ing.    ,  bench. 


Inches. ;  Inchet. 

2  I      4-12 

3  \ 


Shale. 


Inches. 
18 
10 

24 
U 
23i 


Inches}  Inches. 


J-2 
2 

2 
2 
2 


18 
20 

22i 

22 

20 


Floor. 


Clay. 


Clay. 
Clay. 


The  bed  may  consist  of  either  two  benches  or  of  three  of  which 
only  the  two  lower  are  workable,  and  in  this  respect  it  differs  essen- 
tially from  the  same  coal  about  Johnstown.  About  Ehrenfeld  only 
two  benches  were  observed.  The  upper  of  the  workable  benches 
ranges  in  thickness  from  1  foot  to  2  feet  and  the  lower  from  IJ  to 
2  feet.  The  bone  or  shale  parting  between  the  two  main  benches 
ranges  from  one-half  inch  to  2  inches.  It  is  very  persistent  in  this 
district  and  is  usually  also  present  in  this  bed  along  the  southeast 
margin  of  the  Wilmore  basin. 

Upper  Kittannin{i  coaZ.— The  coal  known  as  the  Cement  bed  about 
South  Fork  probably  corresponds  to  the  Cement  bed  of  Johnstown. 
It  has  been  opened  by  H.  C.  Stineman  and  O.  M.  Stineman  west  of 
the  town,  and  by  Charles  Ilutzel  and  Robert  A.  Giles  in  the  town 
itself.  The  coal  ranges  from  3  to  3i  feet  in  thickness,  usually  with- 
out any  partings,  and  has  a  hard  shale  roof  which  gives  no  trouble. 
A  few  inches  below  the  base  of  the  coal  lie  3  feet  or  more  of  Ume- 
stone.     The  sections  given  below  show  the  character  of  this  coal. 

Sections  of  Upper  Kittanning  coal  at  South  Fork. 


Roof. 


Robert  A.  Giles I  Shale 

Charles  HutsK>l :  Shale  and  bone . . 

H.  C.  Stineman,  No.  f> i  Shale  and  bone,. 

O.  M.  Stineman,  No.  3J ,  Shale 


Main    Clay  or  I  Lime- 
bench,     shale,     stone. 


i  Fret. 
2i 


Inches.  Inches. 
36  9 
34      8 

42  

36  


The  coal  is  bright,  lustrous,  and  of  good  quality,  and  though  the 
single  analysis  (E,  p.  24)  shows  it  to  be  on  a  par  with  the  Cement 
bed  in  the  Johnstown  basin  its  general  reputation  is  not  so  good. 
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Lower  Kittanning  coal. — This  coal  occurs  at  a  distance  of  160  feet 
below  the  Upper  Freeport  coal  immediately  about  South  Fork.  It 
is  the  most  extensively  worked  coal  in  this  district,  there  being  no 
less  than  thirteen  large  and  active  operations  on  it  at  the  present 
time.  These  operations  are  conducted  immediately  about  the  town, 
but  include  also  two  small  mines  near  Mineral  Point.  All  the  mines 
are  situated  near  the  main  line  of  the  Pennsylvania  Railroad.  The 
coal  makes  its  appearance  above  drainage  level  in  the  town  and  is 
exposed  in  the  valley  of  •Little  Conemaugh  River  westward  most  of 
the  distance  to  the  Johnstown  district.  The  Miller  bed  in  the  South 
Fork  district  maintains  its  usual  section,  as  follows: 

Sections  of  Lower  Kittanning  coal  (**  Miller  bed*')  near  South  Fork. 


Valley  Smokeless,  No.  3  (Radnor  mine) . 
Pennsylvania,  Beech  Creek  and  East- 
ern Coal  Co.,  No.  3. 

South  Fork  Coal  Mining  Co..  No.  1 

Stineman  Coal  and  Coke  Co.,  No.  2 

Aigyle  Coal  Co.,  No.  3 

stineman  Coal  Mining  Co.,  No.  1 


Roof. 


Shale  or  sandstone 

Shale    with    bone,    3 
inches. 

Shale 

Shale 

Shale 

Shale  or  sandstone 


Main 

Part- 

Lower 

bench. 

• 

ing. 

bench. 

IncheM. 

Inches. 

Inchti. 

54 

1 

21-24 

46 

2-3 

4 

48 

^12 

2-8 

48 

3-15 

15-36 

48 

6-12 

4-24 

42 

12 

2-9 

Floor. 


Fire  clay. 
Fire  clay. 

Fire  clay. 
Fire  clay. 
Fireclay. 
Fire  clay. 


Its  main  bench  averages  nearly  4  feet  and  in  some  places  is  5  feet 
in  thickness,  with  no  partings.  The  double  structure  which  is  fairly 
persistent  in  the  Johnstown  district  is  even  more  apparent  about 
South  Fork.  Some  of  the  mines,  however,  show  it  only  here  and 
there.  In  other  physical  aspects  this  coal  resembles  the  Miller  bed 
about  Johnstown.  Its  roof  of  dense  shale  or  sandstone,  the  general 
absence  of  draw  slate  or  clay  veins,  and  the  irregular  floor  are  all 
common  to  the  bed  in  both  districts.  The  top  few  inches  are  usually 
bony  and  have  to  be  discarded.  In  appearance  the  coal  is  lustrous, 
much  of  it  iridescent,  and  its  colimmar  cleavage  is  one  of  its  more 
characteristic  features.  Its  chemical  composition  and  uses  are  indi- 
cated by  the  analyses  given  on  page  24  and  the  descriptions  given 
on  pages  26-29. 

Lower  coals, — ^A  coal  60  to  70  feet  lower  than  the  Miller  bed  has 
been  opened  at  a  few  points  about  South  Fork  and  Mineral  Point. 
This  coal  probably  corresponds  with  the  Brookville  or  A  coal.  Most 
of  the  openings  are  fallen  shut,  but  it  is  mined  at  one  bank  at  South 
Fork  to  supply  the  local  brick  company.  It  is  better  known 
locally  as  the  ''6-foot  coal,'-*  or  *' dirty  A,"  but  where  seen  measured 
only  3 J  feet  of  coal,  as  indicated  in  the  section  below: 

Section  of  Brookville  {A)  coal  at  South  Fork. 
Shale.  Ft.in. 

Coal 2    G 

Bone 1 

Coal 1 

Totalcoal 3    6 
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The  analysis  given  on  page  25  shows  a  large  content  of  ash  and 
sulphur,  but  fixed  carbon  and  volatile  matter  about  the  average  for 
coals  in  this  quadrangle.  It  is  possible  that  the  coal  may  be  valua- 
ble in  this  district,  but  the  fact  that  it  has  not  been  developed  on  any 
extensive  scale  and  apparently  has  not  come  into  competition  with 
the  other  coals  of  the  district  is  strong  presumptive  evidence  that  in 
quality  it  is  not  up  to  the  standard  of  the  other  coals  mined  about 
South  Fork. 

BLACKLICK  CREEK  DISTRICT. 

In  the  territory  lying  along  Blacklick  Creek  and  its  south  fork 
mining  operations  are  confined  exclusively  to  the  creek  valley,  the 
principal  mining  towns  being  Nant-y-Glo,  Twin  Rocks,  Weber,  Vin- 
tondale,  and  Wehrum.  The  production  of  the  district  was  about 
5,000  tons  in  1894,  but  had  increased  to  1,045,802  tons,  valued  at 
$1,019,617,  in  1905. 

The  coals  along  Blacklick  Creek  outcrop  from  the  town  of  Nant- 
y-Glo  westward  to  Vintondale.  Just  west  of  the  latter  town  the 
highest  coal  that  is  workable  disappears  below  drainage  level  and 
farther  west,  at  \he  town  of  Wehrum,  mining  operations  are  con- 
ducted by  means  of  a  shaft.  West  of  Wehrum  the  rise  of  the  beds 
brings  the  coal-bearing  formation  above  drainage  level  just  at  the 
west  edge  of  the  quadrangle,  near  Dilltown,  and  a  few  country  banks 
have  been  opened  on  Mardis  Run. 

Upper  Freeport  coal. — In  this  district  a  coal  bed  of  workable  thick- 
ness is  present  about  150  feet  above  the  Lower  Kittanning  coal. 
The  interval  between  these  two  coals  has  been  foimd  exceptionally 
constant.  It  has  been  measured  at  Nant-y-Glo  and  Vintondale  and 
reported  the  same  at  Twin  Rocks  by  the  engineer  of  the  collieries 
situated  at  that  point.  At  Wehrum  certain  of  the  diamond-drill 
records  show  a  coal  at  about  the  same  interval  above  the  Lower  Kit- 
tanning  bed.  A  few  sections  of  this  upper  coal,  which  is  presumably 
the  upper  Freeport,  are  as  follows: 

Sections  of  Upper  Freeport  coal  along  Blacklick  Creek. 


Near  Vintondale 

Twin  Rocks 

Ivory  niU  Coal  Mining  Co.,  Nan^y-alo 


Roof. 


Shale. 
Shale. 
Shale. 


Upper 
bench. 


Inches. 
18 

25i 

22 


Parting 
(bone). 


Inches. 


Lower 
bench. 


In. 

jCoal..l6 

iBone  .  7 
i_9  /Coal..  15 
'  ^   \Bone .  6 

rCoal . .  15 

\Bone 


2i-3 


i|} 


Floor. 


}ciay. 
}ciay. 
Clay. 


The  bed  has  two  benches,  separated  by  a  small  bone  parting,  and 
the  coal  aggregates  in  thickness  from  3  to  3i  feet.  The  presence  of 
the  parting  has  been  a  drawback  to  operations  on  this  bed,  but  it 
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is  quite  probable  that  in  the  future  the  coal  will  be  worked.  If 
proper  care  is  exercised  in  separating  the  thin  bony  parting,  it  should 
be  readily  marketed.  The  resemblance  of  its  section  to  that  of  the 
Upper  Freeport  coal  about  South  Fork  is  rather  marked  and  it  is 
probable  that  they  occur  at  the  same  horizon. 

Middle  Kittanning  coal  (?). — ^A  little  more  than  100  feet  below 
this  upper  coal  and  about  50  feet  above  the  main  Blacklick  bed 
occurs  a  coal  which  is  fairly  persistent.  It  has  been  called  the  Mid- 
dle Kittanning,  simply  because  it  is  the  first  bed  above  the  Lower 
Kittanning  coal.  It  has  been  seen  about  Twin  Rocks,  Nant-y-Glo, 
and  Yintondale  and  at  the  latter  point  a  section  measured  33  inches 
of  coal  with  a  thin  parting  of  shale  near  its  base. 

Lower  Kittanning  coal. — ^The  next  lower  coal  is  the  main  bed  of  the 
Blacklick  Creek  district.  There  has  been  some  question  as  to  its 
identity.  It  has  been  regarded  by  some  as  the  equivalent  of  the 
Cement  bed  of  the  Johnstown  basin,  and  by  others  as  the  equivalent 
of  the  Miller  or  Lower  Kittanning  coal.  The  writer  is  inclined  to  take 
the  latter  view.  Certainly  the  physical  character  of  the  bed,  as 
mined  along  Blacklick  Creek,  strongly  resembles  the  main  features  of 
the  Lower  Kittanning  coal  in  the  districts  to  the  south,  as  the  following 
sections  will  show: 

Sections  of  Lower  Kittanning  coal  along  ^lacklich  Creek. 


Vinton  Colliery  Co..  No.  5 . . 
Fennaylyania,  Beech   Creek 

and  Eafltem  C^al  Co.,  No. 

14. 

Lincoln  Coal  Co 

H.  R.  Dill.  DlUtown 

Ivonr  Hill  Coal  Iflnbig  Co... 
CardlflCoalCo 


Shale..... 

Sandstone  or  shale. 


Sandstone  or  shale.. 

Shale 

Sandstone  or  shale.. 
Shale 


Main 
bench. 

Inches. 
42 
45 

45 
48 
43 
45 

Part- 
ing. 

Inches. 
6 
14 

3 

8 

1* 

Coal. 

Part- 
ing. 

Coal. 

Inches. 
12-14 
6 

(Mi 
2-3 

Inches. 

iTiches. 

4 

3 

6 
3 

Floor. 


Clay. 
Clay. 


Clay. 
Clay. 


The  coal  is  made  up  of  a  main  bench  from  3}  to  4  feet  thick.  Below 
this  there  occur  either  one  or  two  thinner  benches,  but  in  places  both 
lower  benches  are  absent.  The  sec6nd  lower  bench  was  not  observed 
about  South  Fork  or  Johnstown,  but  is  rather  persistent  along  Black- 
lick Creek.  Below  the  lowermost  bench  occurs  a  good  body  of  clay 
not  exploited  in  this  district.  The  roof  of  the  coal  is  either  very  firm 
shale  or  sandstone.  This  fact,  in  connection  with  an  irregular  floor, 
the  general  absence  of  clay  veins,  and  the  fact  that  it  is  nongaseous, 
are  points  in  which  it  is  similar  to  the  Miller  bed  in  the  Conemaugh 
Valley.  The  coal  is  bright  and  lustrous,  with  a  marked  tendency  to 
columnar  cleavage.    Analyses  of  this  coal  are  given  on  pages  24-25. 

Lower  coals. — Along  Blacklick  Creek  other  coals  outcrop  which 
are  below  the  main  Blacklick  bed.  In  the  railroad  cut  near  Twin 
Rocks  two  representatives  at  least  of  these  lower  coals  appear,  but 
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they  are  so  badly  broken  that  they  are  not  of  commercial  value. 
Attempts  to  work  one  of  these  coals  at  Twin  Rocks  have  resulted  in 
failure.  They  are  tentatively  correlated  with  the  group  lying 
directly  above  the  Pottsville  formation. 

WINDBEB  DISTRICT. 

The  Windber  district  includes  th6  territory  about  the  town  of  Wind- 
ber  situated  within  the  Johnstown  quadrangle.  This  district  is 
among  the  more  recently  developed  in  this  part  of  the  State.  It  is 
first  mentioned  in  the  State  mine  inspector's  report  in  1897,  with  two 
mines  belonging  to  the  Berwind-White  Coal  Mining  Company,  having 
an  annual  output  of  about  50,000  tons.  Since  that  year  the  develop- 
ments have  expanded  rapidly,  and  in  1905  thete  were  ten  mines  in 
the  district,  with  a  total  annual  output  of  more  than  3,000,000  tons 
of  coal. 

All  the  workable  coals  in  the  district  belong  in  the  Allegheny  forma- 
tion, which  is  above  drainage  level  in  all  the  hills  surroimding  the 
town.  Of  these  coals  only  the  Ijower  Kittanning  coal  is  now  worked, 
but  higher  coals  are  known  to  be  valuable.  All  the  operations  on  the 
Lower  Kittanning  bed  are  controlled  by  the  Berwind-White  Coal 
Mining  Company,  and  of  their  ten  collieries  two — namely,  Eureka 
Nos.  37  and  40 — are  located  just  within  the  southern  boimdary  of  the 
quadrangle,  and  the  imderground  workings  of  two  others — Eiu^eka 
Nos.  35  and  36 — ^just  touch  the  southeast  edge. 

Upper  coals, — The  highest  of  the  coals  outcrops  in  all  the  hills 
surrounding  Windber.  It  lies  about  170  to  180  feet  above  the  Lower 
Kittanning  coal  in  the  hills  near  No.  37  mine,  and  this  interval  remains 
fairly  constant  as  far  east  as  Elton,  where  drillings  show  it  to  be  about 
175  feet.  Still  farther  northeast,  approaching  South  Fork  of  Little 
Conemaugh  River,  the  interval  increases  to  200  feet.  Little  definite 
information  regarding  this  coal  was  obtainable  in  this  district,  as  no 
openings  were  located.  It  is,  however,  persistent  and  may  be  of 
workable  thickness. 

About  40  to  50  feet 'below  the  Upper  Freeport  coal  is  the  Lower 
Freeport.  It  also  is  fairly  persistent  in  this  district,  but  little  is 
known  about  it,  except  from  data  furnished  by  drillings.  Some  of 
the  records  from  points  northeast  of  Windber  show  it  to  be  in  places 
3  feet  thick,  while  others  show  less  promising  sections.  It  is  possible 
that  this  bed  may  be  valuable  in  the  future,  but  the  data  obtained 
are  insufficient  to  afford  a  basis  for  a  positive  opinion. 

The  Upper  Kittanning  or  C  coal  in  the  Windber  district  lies  prac- 
tically midway  between  the  Upper  Freeport  and  Lower  Kittan- 
ning beds.  This  is  one  of  the  valuable  coals  about  Windber,  and, 
though  not  worked  commercially  as  yet,  it  promises  to  rival  in  im- 
portance the  Lower  Kittanning  or  Miller  bed.  It  is  stated  in  the 
ion  of  this  coal  in  the  Johnstown  basin  (p.  32)  that  on  Stony 


COAL  OF  JOHNSTOWN,  PA.,  AND  VICINITY. 


39 


Creek,  south  of  Moxham,  it  increases  in  thickness.  The  unusual 
thickness  of  5  to  6  feet  prevails  generally  to  the  north  of  Windber, 
as  the  following  sections  will  show: 

Sections  of  Upper  KUtanning  coal  north  of  Windber. 


Roof. 

Coal. 

0|iA.fialf  tiiIIa  north  of  No-  37 ..... ,  - 

Black  8hale... 
Black  abate... 
Shale 

FL  in. 
6 

One  mile  north  of  No.  37 

5    5 

One  mile  'K>iitheiii»t  of  WalffAll .   , .  r 

4    8 

The  coal  where  measured  shows  a  clean  face,  ranging  from  4i  to  6 
feet  in  thickness,  with  a  firm  shale  roof.  To  judge  from  the  appear- 
ance of  the  coal,  its  quaUty  is  equal  to  that  of  the  coal  mined  from 
this  bed  about  Johnstown. 

Lower  Kittanning  coal. — The  Lower  Kittanning  coal  is  worked  on 
a  large  scale  in  all  the  hills  about  Windber,  and  the  large  operations 
conducted  by  the  Berwind-White  Coal  Mining  Company  have  drawn 
to  the  town  between  4,000  and  5,000  employees  of  all  classes.  The 
coal  outcrops  well  down  in  the  hills  about*  the  town,  enabling  the 
operations  to  be  conducted  from  the  outcrop  by  drifts.  Of  the 
large  mines  now  working  only  two  are  situated  in  the  Johnstown 
quadrangle,  namely.  Eureka  Nos.  37  and  40,  but  the  character  of 
the  coal  at  these  mines  and  as  seen  at  some  of  the  country  banks  to 
the  northwest  near  Walsall  may  be  regarded  as  typical  of  the  coal 
in  this  district. 

Sections  of  Lower  Kittanning  coal  near  Windber. 


Roof. 

Main 
bench. 

Parting. 

Inches. 
3-24 

Lower 
bench. 

Inches. 
3-18 

Floor. 

Eureka  No.  37 

Sandy  shale . . 
Sandstone 

Inches. 
42 
41 

Clay. 

Country  bank,  near  Walsall 

1 

1 

Little  need  be  said  regarding  the  physical  character  of  this  coal 
about  Windber.  The  above  sections  are  typical  as  to  the  thickness 
of  the  main  bench.  The  under  coal  is  usually  present,  and  in  some 
of  the  mines  is  remarkably  uniform.  There  is  also  present  a  small 
rider,  averaging  3  to  4  inches  in  thickness  and  lying  from  3i  to  4 
feet  above  the  main  bench.  In  other  respects  the  coal  resembles 
the  Lower  Kittanning  along  Conemaugh  River. 

The  analyses  of  this  coal  given  on  page  25  show  its  carbon  con- 
tent to  be  among  the  highest  in  the  area,  with  a  comparatively  low 
amoimt  of  sulphur  and  ash.  Two  tests  on  samples  selected  by  the 
operators  showed  an  evaporative  power  of  9.04  and  9.79  pounds  of 
water  per  pound  of  dry  coal,  thus  indicating  its  high  standing  as  a 
steam  fuel. 
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CONEMAUGH   FURNACE   DISTRICT. 

Along  the  west  edge  of  the  quadrangle,  in  the  valley  of  Conemaugh 
River,  the  lower  part  of  the  Allegheny  formation  is  brought  down  to 
drainage  level  by  the  steep  dips  along  the  western  flanks  of  the 
Laurel  Ridge  anticline.  There  are  two  commercial  mines  on  the 
Lower  Kittanning  coal  in  this  district,  operated  by  the  Nineveh 
Coal  Company  and  the  Johnstown  Coal  Company.  The  coal  at  these 
two  mines  is  strictly  comparable  in  every  way  with  the  correspond- 
ing coal  as  mined  farther  east  near  Johnstown  and  South  Fork.  It 
averages  about  3  J  feet  in  thickness  and  has  the  characteristic  under 
coal  and  a  valuable  under  clav  which  has  not  been  worked.  Its 
roof  is  strong,  and  there  arc  the  usual  rolls  in  the  floor. 

Higher  coals  exist  in  the  hills  about  Cramer  and  in  East  Wheat- 
field  Townsliip,  but  little  is  known  about  them. 

LIST   OF   MINES   IN    THE  JOHNSTOWN   QUADRANQLB.0 

JOHNSTOWN   DISTRICT.  '  30.  (rcH^rge  Heidingefelder. 

'31.  John  F.  Griffith. 
UPPER  FBEBPOBT  (COKE  TABD)  COAL         |  32.  J.  J.  Orris. 

1.  Cambria  Stool  Company,  Conomauj?h  |  fl'  ^^^"^^^?  PusT  ^* 

2.  F('nifiaio  (Wl  Company.  I  i]^'  |*'T"''iJ!'"ri      r    i  r^r^^r.^ 

3.  Jiorkfbilo  Coal  Conlpany.  |  •^«-  ^^'^^  ^^nlok..l<^s  Coal  Company. 

4.  William  SchaoffiT.  LOWER  KITTANiriKO  (MILLBE)  GOAL. 

37.  W.  J.  Williams,  Kornville  slope. 
.38.  W.  .T.  Williams,  Morrollville  mine. 
39.  Cambria   Storl    Company,    Franklin 


5.  William  Davis. 

6.  William  Covor. 

7.  Johnstown  Press  Brick  Company. 

8.  Davis  mi  no,  (Jrubtown. 
0.   F.cwisEpplv.  slopr,No.  2. 

10.  \j.  J.  Mitclu'll.  40.  CitiZfMiH    Coal  Company,  Green  Hill 

11.  Charles  Umba'njor.  |  ,  ^IT'/  .  . .    .     ..     ^  . 

41.  A.  J.  Ilawes  A  Sons  (Limitea),  shaft. 

UPPER  KITTANHIKO  ^CEMEHT)  COAL.  |    12.  A.  J.  Hawes  \'  Sons  (Limited),  Coop- 

12.  CambriaSteol(\)mpanv,  F^)llin^?Mill  !   ,.,    w-*'*''''/'^^'*  """}';,  r.««««*o„„v 
„„-,j,,                    I      . '            f-             .J.},  Keystoin'  C  ik\\  Company,  Conemaugh 

mino. 


44.   Robertson  &  Griflhh. 


mine 

13.  Cambria    St«*cl    Company,    Franklin 

14.  Valw'Ccral    ami    Stom^    (\>mpanv,  11^   Jnult'-^l;*  <'oaI  Company. 

^•j^*  I  *      *  I  4().  John  -\(lams. 

15.  Valley  "Coal    and    SUnw    Company,  I  ^^-  *'•  ^-  ^-"•'*^<'»'- 

IP    /'.;;**'."''     t^   >i      n     .^  I-  I  41  SOUTH    FORK   DISTRICT. 

IG.  C  itizcns      Coal     (  ompany.     hi^hlh  i 

\yard  mino.  UPPER  FREEPORT  (LEMON)  COAL. 

17.  ('itiz«'ns'  Coiil  Companv,  Dab*  mine.  ■ 

IK.  Suppes<\)al  Companv.'No.  I.  '  'l^-  Ponnsylvania,     Beech     Crook     and 

19.  Suppes  Coiil  Companv,  DaN-  nn'ne.  |  Eastern  Coal  Company,  No.  8. 

20.  Sunnvsid.'  Coal  Companv.  No.  2.  i  '*•>•  ^'»"tl»  ^'ork  Coi\l  Company,  No.  2. 

21.  Llew/llvn  mine  *  i  •'>^>-  H.  C.  Stineman,  No.  5. 

22.  Fliddand  Coal  and  Coke  Company.  i  •'»1-  <>•  M.  Stineman,  No.  3. 

23.  ('addyToal  ('ompany.  UPPER  KITTANNING  (CEMENT)  GOAL. 

24.  (  uudcld  nunc.  , 

25.  FjHM'k  mine.  i  52.  IT.  (\  Stineman,  Xo.  6. 

26.  Liverpood  mine.  i  5;}.  (>.  M.  Stineman,  No.  3J. 

27.  Jacobv  mine.  |  5-1.  Charles  IIutZ(4. 

28.  W.TtZiV  Miller.  ,  55.   Robert  A.  (lilos. 

29.  Edward  Lit-sin^^T.  I  5<;.   U.  W.  Gillan. 

aSi<«'  I'l.  II. 
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LOWBE  XITTAnnrO  (HmSR)  GOAL. 

57.  South  Fork  Coal  Company,  No.  1. 

58.  Priscilla  Coal  Company. 

59.  Pennsylvania,     Beech     Creek     and 

Eastern  Coal  Company,  No.  3. 

60.  Pennsylvania,     Beech     Creek     and 

Eastern  Coal  Company,  No.  5. 
60a.  Pennsylvania,    Beech    Creek    and 
Eastern  Coal  Company,  shaft. 

61.  Argyle  Coal  Company,  Argyle  No.  1. 

62.  Argyle  Coal  Company,  Argyle  No.  2. 

63.  Allele  Coal  Company.  Argyle  No.  3. 

64.  Stineman  Coal  and  Coke  Company, 

No.  2. 

65.  Stineman  Coal  and  Coke  Company, 

No.  4. 

66.  Stineman    Coal    Mining    Company, 

No.  1. 

67.  Page-Reighard     Mining     Company, 

Juniper  mine. 

68.  Valley    Smokeleas,    No.   3    (Radnor 

mine). 

B&OOKVILLS  (!)(•'  DIBTT  A" )  GOAL. 

69.  J.  H.  Wickes  (omitted  on  map  owing 

to  lack  of  space). 

BLACKLICK   CREEK   DISTRICT. 
TTPPSR  7SXSP0ST  GOAL. 

70.  Ivory  Hill  Coal  Mining  Company. 

LOWSB  KXTTAKHIHO  (KILLBR)  GOAL. 

71.  Ivory  Hill  Coal  Mining  Company. 

72.  Lincoln  Coal  Company. 

a  Only  thoM  mines  which  lie  in  the 


73.  Pennsylvania,     Beech     Creek     and 

Eastern  Coal  Company,  No.  14. 

74.  Nant-y-Glo  Coal  Mining  Company. 

75.  Csurdin  Coal  Company. 

76.  Blacklick    Coal    Mining    (-ompany. 

Colliery  No.  2. 

77.  Big   Bend    Coal    Mining    Company, 

Nonpareil  No.  1. 

78.  Commercial  Coal  Mining  Company, 

No.  3. 

79.  Commercial  Coal  Mining  Company, 

No.  4. 

80.  Vinton  Colliery  Company,  No.  5. 

81.  Vinton  Colliery  Company,  No.  3. 

82.  Vinton  Colliery  Company,  No.  2. 

83.  Vinton  Colliery  Company,  No.  1. 

84.  Vinton  Colliery  Company,  No.  6. 

85.  Lackawanna  Coal  ana  Coke  Company, 

No.  4. 

86.  Amoe  Rager. 

87.  H.  R.  Dill. 

WINDBER   DISTRICT." 
LOWXE  KITTAKKIKO  (MULEE)  GOAL. 

88.  Berwind-White    Coal    Mining    Com- 

pany, Eureka  No.  37. 

89.  Berwind-Whitti    Coal    Mining    Com- 

pany, Eureka  No.  40. 

CONEMAUOH  FURNACp  DISTRICT.  . 
LOWSE  XTTTAraiirO  (WTLLER)  GOAL. 

90.  Johnstown    Coal    Company,    Cramer 

mine. 

91.  Nineveh  Coal  Company. 

Johnstown  quadrangle  are  given. 


THE  ELKHORN  COAl  FIELD,  KENTUCKY. 


By  Ralph  W.  Stone. 


rNTRODUCTION. 

For  many  years  the  region  around  the  heads  of  Elkhom  and  Shelby 
creeks  and  of  Boone  Fork  in  Pike  and  Letcher  counties,  Ky.,  has  had 
a  good  reputation  among  investors  as  a  source  of  coal  in  great  quan- 
tity and  of  excellent  quaUty.  In  order  to  make  this  field  available, 
a  branch  of  the  Chesapeake  and  Ohio  Railway  was  extended  into  Pike 
County  in  1906,  and  mines  were  opened  at  once  on  Marrowbone  Creek, 
about  20  miles  above  Pikeville.  Because  of  the  prospective  impor- 
tance of  the  region,  a  reconnaissance  survey  of  the  coal  field  lying  in 
the  drainage  basin  of  Russell  Fork  of  Big  Sandy  River  was  under- 
taken by  the  Geological  Survey.  The  area  covered  by  this  survey 
is  triangular  in  shape,  having  its  base  along  Pine  Mountain  from 
Pound  Gap  to  Grassy  Creek,  and  its  apex  at  Millard. 

Very  Uttle  has  been  published  concerning  the  resources  of  this  dis- 
trict, the  descriptions  in  reports  of  the  Kentucky  Geological  Survey 
and  of  the  State  inspector  of  mines  aggregating  only  a  few  pages. 
Detailed  maps  of  the  region  furnished  by  the  Big  Sandy  Company  and 
the  Northern  Coal  and  Coke  Company  were  compiled  to  make  the 
accompanying  map  (PI.  III).  The  outlines  of  the  coal  outcrops 
shown  are  mostly  the  work  of  E.  V.  d'Invilliers,  who  prepared  an  exten- 
sive report  on  this  field  for  the  Big  Sandy  Company.  All  sections 
given  herewith  were  measured  by  the  writer. 

TOPOGRAPHY. 

The  topography  of  this  region  is  rugged,  almost  mountainous.  The 
elevation  of  the  main  streams  is  between  700  and  900  feet,  while  the 
summits  of  the  ridges  are  over  1,500  feet  above  tide.  Between  the 
heads  of  Slielby  and  Elkhom  creeks  an  area  known  as  the  Flatwoods 
exceeds  2,500  feet  in  elevation,  and  the  crest  of  Pine  Mountain,  wliich 
marks  the  southern  boundary  of  the  field,  averages  3,000  feet  high. 

The  valleys  are  narrow  and  steep  walled,  rising  abruptly  several 
hundred  feet  to  narrow  ridge  tops.  There  is  practically  no  level 
land  except  the  narrow  valley  floors,  to  which  settlement  is  confined. 

The  area  here  described  is  divided  into  two  unequal  parts  by  Rus- 
sell Fork,  wliich  enters  Kentucky  around  the  north  end  of  Pine  Moun- 
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tain,  through  "The  Breaks."  The  elevation  of  the  river  at  the  State 
line  is  about  900  feet,  and  at  Millard  680  feet.  This  difference  of  220 
feet  in  14i  miles  gives  an  average  fall  of  a  little  more  than  15  feet  to 
the  mile.  The  principal  tributaries  on  the  east  are  Powell  Creek, 
Road  Creek,  and  Ferrell,  Beaver,  and  Grassy  creeks,  and  on  the  west 
Marrowbone,  Pond,  and  Elkhom  creeks.  Marrowbone  Creek  has  a 
fall  of  less  than  50  feet  to  the  mile  in  the  lower  6  miles  of  its  course; 
Elkhom  Creek  falls  760  feet  from  head  to  mouth,  an  average  of  38  feet 
for  20  miles. 

ACCESSIBUilTY. 

Pine  Mountain,  which  limits  the  coal  field  on  the  east,  has  been  a 
barrier  to  ready  access  from  Virginia.  There  are  no  low  gaps  in  the 
ridge,  and  The  Breaks,  at  the  north  end  of  the  mountain,  through 
which  the  river  flows,  is  an  impassable  box  canyon  1,000  feet  deep. 
Practically  all  approach  to  the  region,  therefore,  is  from  the  north,  by 
way  of  the  valley  of  Big  Sandy  River. 

Until  1906  Pike  County  was  accessible  only  by  wagon,  except  at 
infrequent  intervals  when  flood  stages  made  it  possible  for  steamers 
to  ascend  the  river  to  Pikeville.  Wagon  roads  are  few  and  follow 
only  the  main  streams.  In  Jime,  1906,  the  Big  Sandy  branch  of  the 
Chesapeake  and  Ohio  Railway  was  completed  from  Pikeville  to  Elk- 
hom City  (Praise  post-office),  at  the  mouth  of  Elkhom  Creek,  21 
miles  above  Pikeville,  and  to  Hellier,  near  the  head  of  Marrowbone 
Creek.  The  completion  of  the  railroad  brought  about  the  opening  of 
several  mines  and  also  increased  interest  in  the  field. 

HISTORY  OF  DEVEIiOPMENT. 

Small  coal  banks,  were  opened  in  this  field  during  the  civil  war,  to 
get  fuel  for  blacksmithing  and  for  locomotives  used  in  logging,  but 
the  heavily  forested  condition  of  the  whole  region  makes  wood  so 
cheap  that  there  has  been  Uttle  or  no  incentive  on  the  part  of  the 
native  population  to  develop  or  use  the  coal,  which  in  many  places  is 
at  their  very  doors.  About  1885  capitalists  began  buying  up  blocks 
of  coal  land,  partly  for  development  and  partly  for  speculative  pur- 
poses. The  control  of  much  of  this  land  has  lately  come  into  the 
hands  of  three  companies,  and  in  1906  five  mines,  the  first  in  the  field, 
were  opened  by  lessees  of  the  Big  Sandy  Company,  namely,  the 
Greenough,  Henry  Clay,  Edgewater,  Marrowbone,  and  Pike  Coal  and 
Coke  companies.  Development  commenced  early  in  the  year,  and 
regular  shipments  of  coal  began  in  July. 

All  these  mines  are  using  the  room  and  pillar  system,  and  the  coal  is 
shot  from  the  solid.  At  present  ventilation  is  by  furnace,  and  haul- 
age by  mules.  Natural  drainage  is  obtained.  The  capacity  of  the 
mines  (January,  1907)  is  about  a  thousand  tons  daily,  but  the  diffi- 
culty of  getting  cars  retards  deUvery. 
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GENERAIi  GEOIiOGY. 

STRATIGRAI^HY. 

The  formations  exposed  in  this  field  are  the  Newman  limestone, 
Pennington  shale,  Lee  conglomerate,  and  a  series  of  strata  more  than 
1,500  feet  thick  carrying  numerous  beds  of  coal.  The  Newman 
limestone  and  the  Pennington  shale  are  several  hundred  feet  thick 
and  are  exposed  only  on  the  west  flank  and  crest  of  Pine  Moimtain, 
east  of  the  fault  which  terminates  the  Kentucky  coal  field  in  this 
locality.  The  Lee  conglomerate,  which  lies  above  the  Pennington 
shale,  is  at  least  1,000  feet  thick.  It  is  so  elevated  by  the  fault  that 
its  base  lies  along  the  crest  of  Pine  Moimtain,  and  it  forms  the  east 
flank  of  the  mountain  in  Virginia.  The  Lee  makes  the  walls  of  the 
canyon  at  The  Breaks,  in  which  the  fault  is  plainly  shown.  East  of 
the  fault,  at  the  mouth  of  Grassy  Creek,  the  top  of  the  Lee  is  at 
least  700  feet  above  water;  west  of  the  fault  it  is  only  about  100  feet. 
The  westerly  dip  of  the  rocks  brings  the  top  of  the  Lee  to  water  level 
a  little  below  Elkhom  City.  This  formation  is  composed  largely  of 
coarse,  massive  sandstone  and  fine  conglomerate  carrying  white 
quartz  pebbles.  It  contains  some  shale  beds  and  may  carry  one  or 
two  small  coal  beds.  « 

The  coal-bearing  rocks,  which  are  from  1,500  to  2,000  feet  thick, 
are  composed  of  sandstones,  shales,  and  coal  beds.  The  sandstones 
and  shales  range  from  massive  to  thin  bedded  and  from  coarse  to 
fine  grained.  There  are  no  Umestones  in  the  section.  The  generaUzed 
section,  omitting  all  details,  is  as  follows: 

Section  of  coal-bearing  rocks  in  Elkhom  field,  Kentucky. 

Feet. 

Coal 4 

Interval 530 

Coal,  Flatwoods 18 

Interval 550 

Toal,  Upper  Elkhom , 6  (4-8) 

Inten^al 180 

Coal,  Lower  Elkhom 4 

lnter\'al 170 

Coal,  Bingham 2i 

Interval 150 

Coal,  Millard 2 

Interval 160 

Coal.  Auxier 3 

Interval 185 

(\>ah  Elswiek 2} 

Interval 75 

Conglomerate,  Ix;e.  

2,042 


U.    L 


rtn 


UCKY. 
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STRUCTURE. 

The  Elkhom  coal  field  is  bounded  on  the  south  by  the  Pine  Moun- 
tain fault,  which  parallels  the  crest  of  the  mountain.  This  fault 
causes  a  displacement  of  2,000  feet  in  the  vicinity  of  Pound  Gap, 
but  to  the  northeast,  on  Grassy  Creek,  it  decreases  rapidly  and 
probably  becomes  an  anticlinal  fold.  So  far  as  observed,  there  are 
no  other  faults  in  the  field.  The  coal  beds,  which  originally  were 
deposited  in  a.  flat  position,  now  have  a  slight  and  general  tilt  to 
the  northwest.  The  dip  is  not  continuous,  however,  but  is  formed 
of  a  series  of  low,  gentle  folds  or  waves  in  the  strata.  The  dip  in  few 
places  exceeds  125  feet  to  the  mile,  and  in  most  of  the  area  it  is  still 
more  gentle.  A  basin,  or  syncline,  extends  from  the  head  of  Cassell 
Fork  in  a  north-northwest  direction  to  Daniels  Creek,  and  parallel 
with  it  there  is  a  fold  or  anticline  that  can  be  traced  easily  from 
Shelby  Gap  to  the  head  of  Wolfpit  Fork.  The  relation  of  Marrow- 
bone Creek  to  this  anticline  is  such  as  to  faciUtate  mining  operations 
on  both  sides  of  the  creek,  giving  natural  drainage  and  easy  grade 
for  haulage  in  the  mines.  On  Elkhom  Creek  the  relation  of  the 
structure  to  the  outcrop  is  for  the  most  part  less  favorable. 

ECONOMIC  GEOIiOGY. 

COAL  BEDS. 

Under  this  heading  is  givenj  in  ascending  order,  a  brief  description 
of  the  stratigraphic  position  and  extent  of  each  of  the  coal  beds. 

BJlsvnck  coal. — From  50  to  75  feet  above  the  top  of  the  Lee  con- 
glomerate is  a  coal  bed  which  averages  30  inches  in  thickness  and  is 
known  locally  as  the  Elswick  coal.  This  bed,  being  the  lowest,  has 
the  shortest  outcrop  of  any  in  the  field.  It  rises  above  the  waters  of 
Russell  Fork  at  the  mouth  of  Little  Creek,  about  a  mile  below 
Elkhom  City,  and  keeps  above  the  river  to  Grassy  Creek,  a  distance 
of  4  miles.  It  passes  below  the  level  of  Elkhom  Creek  between  the 
mouths  of  Big  Branch  and  Pond  Branch  1  jnile  above  Elkhom  City. 

Atixier  coal. — At  a  distance  of  250  feet  above  the  Lee  conglomerate 
is  the  Auxier  coal,  which  usually  rests  upon  a  30-foot  bed  of  massive 
sandstone.  The  coal  bed  ranges  in  thickness  from  18  to  54  inches, 
with  an  average  of  33  inches.  .It  rises  above  the  bed  of  Russell 
Fork  at  the  mouth  of  Biggs  Branch  and  can  be  found  from  that  point 
to  Trace  Fork  of  Grassy  Creek.  It  goes  below  the  level  of  Elkhom 
Creek  a  few  rods  below  the  mouth  of  Kettlecamp  Creek. 

Millard  coal. — This  coal  is  400  feet  above  the  base  of  the  coal- 
bearing  rocks,  and  because  it  has  been  opened  at  a  number  of  places 
near  Millard  post-office,  it  is  given  this  name  to  facilitate  description. 
The  bed  has  an  average  thickneas  of  3  feet,  but  includes  several  part- 
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ings.  It  has  been  prospected  in  each  of  the  eastern  tributaries  of 
Russell  Pork  from  Powell  Creek  to  Ferrell  Creek.  There  is  a  good 
opening  on  this  coal  near  the  tipple  of  the  Marrowbone  mine,  about  60 
feet  above  creek  level,  and  at  Coleman's,  opposite  Marrowbone  station. 

Bingham  coal, — ^This  coal  is  690  feet  above  the  top  of  the  Lee  con- 
glomerate and  180  feet  below  the  Lower  Elkhom  coal. '  It  was  first 
noted  at  E.  B.  Bingham's,  on  Ferrell  Creek,  where  a  prospect  is 
reported  to  have  sho^^Ti  the  bed  30  inches  thick.  It  was  discovered 
also  under  the  incline  at  the  Marrowbone  mine.  In  four  sections  of  the 
bed  it  was  found  to  range  from  30  to  53  inches  in  thickness. 

Lower  Elkhom  coal, — ^This  bed  has  been  thoroughly  prospected 
throughout  the  field,  and  its  location  is  well  known.  It  is  from  750  to 
800  feet  above  the  Lee  conglomerate,  and  usually  overlies  a  more  or 
less  massive  sandstone.  It  will  be  seen  by  the  accompanying  map 
(PI.  Ill)  that  the  Lower  Elkhom  coal  outcrop  delineates  every 
valley  and  Ls  found  throughout  the  field,  except  on  the  south  side  of 
Elkliom  Creek.  It  is  everywhere  of  workable  thickness,  averaging 
more  than  4  feet.  Its  value  for  commercial  mining,  however,  is 
greatly  reduced  by  the  fact  that  commonly  at  least  one-quarter  of  the 
bed  is  laminated  coal — that  is,  coal  so  crushed  that  it  breaks  into 
small  chips  when  mined.  Many  of  the  chips  are  slickensided  or  have 
smooth,  polished  surfaces.  Schistosity  may  be  developed  in  the 
laminated  coal,  parallel  or  oblique  to  the  normal  bedding,  and  in  some 
places  this  coal  is  rolled  and  twisted  into  a  rumpled  mass  which  is 
strikingly  different  from  a  normal  bed  of  bituminous  coal.  It  ignites 
quickly  and  bums  readily  under  a  strong  draft,  but  it  is  high  in  ash, 
and  for  that  reason,  and  also  because  it  breaks  down  to  slack  on  han- 
dling, it  does  not  meet  with  a  ready  sale,  and  consecjuently  is  more  or 
less  of  a  loss  to  the  operator.  The  laminated  coal  usually  forms  the 
upper  part  of  the  bed,  but  it  may  be  in  the  middle  and  overlain  by 
solid  l)l(5ek  coal.  It  appears  to  have  been  produced  by  cmshing 
between  laterally  moving  surfaces,  and  in  that  respect  resembles  the 
Widow  Kennedy  coal  b(»d  at  Dante  and  other  places  in  Virginia. 

Upper  EUchorn  coal. — Tliis  bed  is  from  160  to  190  feet  above. the 
I^ower  Elkhom,  or  900  to  1,000  feet  above  the  I>(»e  conglomerate. 
Ge()gra|)hically  it  is  located  in  the  high  land,  being  from  700  to  900 
feet  above  Russell  Fork,  and  therefore  near  the  tops  of  the  ridges.  It 
can  be  foimd  throughout  the  entire  region  where  the  liills  are  high 
enough. 

East  of  Russell  Fork,  in  the  vicinity  of  Ferrell  Creek,  the  Upper 
Klkliorn  coal  ranges  from  5  to  7  feet  in  thickness,  with  only  4  to  8 
inches  of  waste.  On  Marrowl)one  Creek  the  average  thickness  is  3  feet 
10  inches,  and  3  feet  2  inches  of  this  is  marketable.  At  the  head  of 
Elkhorn  Creek,  where  the  bed  attains  an  extraordinary  development, 
the  thickness  of  the  entire  bed  ranges  from  7  feet  8  inches  to  9  feet 
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4  inches,  with  an  average  of  8  feet  7  inches.  The  amount  of  market- 
able coal  in  this  bed,  around  the  head  of  Elkhom  Creek,  averages  7  feet 
9  inches. 

Flatwoods  coal. — The  Flatwoods  coal  is  approximately  1,500  feet 
above  the  Lee  conglomerate.  It  occupies  only  two  small  areas  of  the 
greatest  elevation  in  the  field.  The  larger  area  lies  between  the  heads 
of  Shelby,  Elkhom,  and  Marrowbone  creeks,  and  the  smaller  is  at  the 
head  of  Poorbottom  Creek.  The  thickness  of  the  bed  ranges  from 
14  to  18  feet,  but  only  the  upper  7  feet  of  it  can  be  mined  advan- 
tageously. 

Higher  coal. — Nothing  is  known  of  any  coals  higher  in  the  section 
except  a  4-foot  bed  which  is  reported  in  a  few  hills  on  the  top  of  the 
Flatwoods  area,  more  than  500  feet  above  the  Flatwoods  coal. 

DISTRIBUTION  OP  THE   COALS. 

The  occurrence  of  the  coals  in  this  region  will  be  described  briefly, 
with  only  sufficient  detail  to  give  a  general  idea  of  the  field.  The 
description  of  the  coals  is  arranged  by  creek  valleys,  beginning  with 
the  left  or  east  side  of  Russell  Fork. 

Powell  Creek. — In  the  vicinity  of  Millard  post-office  and  on  Powell 
Creek  the  Millard  coal  has  been  opened  in  a  number  of  places,  in  less 
than  half  of  which  the  coal  is  now  exposed.  It  ranges  in  thickness 
from  1  foot  6  inches  to  2  feet  4  inches,  and  can  be  seen  at  an  opening 
near  the  schoolhouse  below  Powell  Creek.  The  Bingham  coal  shows  a 
thickness  of  3  feet  in  a  drift  near  Hunter's,  on  Powell  Creek.  The 
Lower  Elkhom  coal  is  exposed  in  pits  on  Mead  Fork  and  on  the  main 
stream  three-fourths  of  a  mile  above  Widow  Mead's.  It  is  composed 
of  two  benches,  the  lower  consisting  of  2  feet  of  solid  coal  and  the 
upper  of  15  inches  of  laminated  coal.  The  Upper  Elkhom  is  present 
at  the  head  of  the  creek,  where  it  is  about  3  feet  thick. 

Biggs  Branck. — One  mile  up  Biggs  Branch  the  Millard  coal  has 
been  dug  near  creek  level,  and  shows  a  bed  1  foot  9  inches  thick. 
Near  Isaac  Lee's,  at  the  forks  2  miles  up  the  creek,  the  Lower  Elkhom 
is  a  doubled  bed  having  the  following  section: 

Section  of  Lower  Elkhom  coal  on  Biggs  Branch. 

Ft.  In. 

Coal,  Boft,  dirty 1    4 

Coal,  bk)ck 2    2 

Shale 6 

Coal,  Bolid • 2 

Coal,  bony 2    3 

13    9 

Higher  coals  ranging  from  2  feet  6  inches  to  5  feet  in  thickness 
occur  on  the  opposite  hillside. 

Wll— BuU.  3ie--07 i 
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Daniels  Creek. — The  Millard  coal  opened  by  Mose  Coleman  on 
the  right  fork  of  Daniels  Creek  is  21  inches  thick,  and  the  Lower 
Elkhom  opened  by  Elijah  Anderson  at  the  head  of  the  left  fork  is 
more  than  4  feet  thick,  with  12  inches  of  laminated  coal  at  the  top. 

Earless  Creek. — The  lowest  coal  on  Harless  Creek  is  the  Auxier, 
which  was  mined  at  the  mouth  of  Lower  Lick  thirty  years  ago  to 
provide  fuel  for  a  locomotive  hauling  saw  logs.  This  bed  is  5  feet 
thick,  but  contains  18  inches  of  shale.  A  quarter  of  a  mile  below 
Harless  Creek,  at  H.  E.  Coleman's,  the  Millard  coal  has  been  mined 
for  ten  years  to  supply  a  few  families.  The  bed  is  4  feet  4  inches 
thick,  and  is  divided  into  three  benches  by  10  inches  of  clay  and  4 
inches  of  bone.  Four  openings  on  the  Lower  Elkhom  were  seen  on 
Harless  Creek.  It  is  5  feet  thick  on  Lower  Lick,  3  feet  3  inches  in 
Com  Hollow  and  Mose  Coleman  Hollow,  and  5  feet  3  inches  at 
David  Coleman's,  on  Right  Hand  Fork.  The  upper  part,  1  foot 
3  inches  thick,  is  laminated.  The  Upper  Elkhom  in  Mose  Coleman 
Hollow  is  a  5-foot  bed  with  one  thick  parting. 

Jimmie  Creek. — The  Millard  coal  shows  unusual  thickness  at  an 
opening  IJ  miles  up  Jimmie  Creek.  The  bed  measures  4  feet  4 
inches,  but  is  so  broken  by  bone  and  clay  bands  as  to  be  practically 
valueless.  The  Elkhom  coals  have  not  been  prospected  in  this 
creek. 

Road  Creek. — The  Auxier  coal  is  3  feet  thick  at  Joe  Looney's, 

1  mile  up  Road  Creek,  and  the  Millard  coal  near  the  mouth  of  Isam 
Fork  and  at  the  mouth  of  Middle  Fork  has  a  thickness  of  2  feet  2 
inches,  including  3  inches  of  clay.  Pits  on  the  Lower  Elkhom  coal 
have  been  opened  in  Coalbank  Hollow,  Cotton  Patch  Hollow,  Middle 
Fork,  and  Isam  Fork.  Robert  Martinis  bank  near  the  mouth  of 
Road  Creek  has  the  typical  section  of  1  foot  3  inches  laminated  coal 
and  4  feet  1  inch  of  solid  coal.  The  Lower  Elkhom  ranges  in 
thickness  from  5  feet  to  5  feet  10  inches,  but  the  upper  part,  1  foot 
3  inches  thick,  is  laminated.  No  openings  were  seen  on  the  Upper 
Elkhom  coal. 

FerreU  Creek. — ^The  Auxier  coal  at  the  schoolhouse  below  Spruce- 
pine  Creek  is  1  foot  10  inches  to  2  feet  thick,  and  on  Board  Fork 
and  Shop  Branch,  above  Ferrell  Creek,  it  is  reported  to  be  3  feet 
thick.  The  Millard  coal  is  2  feet  thick  in  the  first  hollow  on  the 
left  above  Belcher's  store  at  the  mouth  of  Ferrell  Creek,  2  feet  6 
inches  in  Hoggston  Hollow,  and  I  foot  10  inches  at  water  level  at 
the  mouth  of  Bingham  Fork.     The  Bingham  coal  is  reported  to  be 

2  feet  6  inches  thick  at  water  level  half  a  mile  up  Bingham  Fork. 
The  Lower  Elkhom  in  Middle  Field  Fork  is  a  bed  consisting  of  1 
foot  2  inches  of  laminated  coal  and  3  feet  11  inches  of  solid  coal. 
On  Sprucepine  Creek  the  same  bed  is  8  feet  4 J  inches  thick,  but  it 
includes  a  20-inch  clay  seam.     It  is  5  feet  9  inches  thick  at  the 
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head  of  the  creek,  near  Richard  Epling's,  and  in  several  openings  on 
Abner  Fork  it  is  more  than  6  feet  thick,  including  about  15  inches 
of  laminated  coal  and  3  to  6  inches  of  clay.  Two  openings  on  the 
Upper  Elkhom  show  6  feet  3  inches  and  7  feet  of  coal,  with  scarcely 
any  parting. 

Beaver  Creek, — The  Elswick  coal  is  exposed  at  the  schoolhouse 
near  the  mouth  of  Beaver  Creek.  It  is  in  two  benches,  the  upper 
one  carrjdng  2  feet  4  inches  to  2  feet  6  inches  of  coal  and  the  lower 
one  7  inches,  with  an  8  to  9  inch  shale  parting  between  them.  The 
Auxier  coal  is  3  feet  thick  on  this  creek.  The  Lower  Elkhom  was 
not  seen  here,  but  is  reported  from  2  to  6  feet  thick.  The  Upper 
Elkhom  was  seen  only  at  Miles  Potter's,  at  the  head  of  Left  Fork, 
where  it  is  a  6-foot  9-inch  bed,  with  less  than  2  inches  of  partings. 

Grassy  Creek, — The  bloom  of  the  Elswick  coal  occurs  in  the  road 
north  of  Big  Hollow.  The  Auxier  coal  opened  near  Riley  Gavin's, 
on  Trace  Fork,  is  1  foot  8  inches  thick,  and  on  the  right  side  of  Abes 
Fork  2  feet  6  inches  thick.  A  coal  bed  opened  by  the  Yellow  Poplar 
Company  on  the  right  of  Abes  Fork,  near  Old  House  Branch,  ranges 
in  three  openings  from  4  feet  2  inches  to  6  feet  in  thickness,  and 
carries  one  7-inch  clay  band.  These  openings  are  close  to  the  Pine 
Mountain  fault.  Coal  supposed  to  be  the  Millard,  prospected  at 
the  foot  ef  Greasy  Spur,  IJ  miles  up  Trace  Fork,  is  5  feet  8  inches 
to  6  feet  1  inch  thick,  with  15  inches  of  clay  in  three  partings. 
A  3-foot  bed  of  coal,  found  200  feet  higher  in  the  hill,  is  probably 
the  Bingham  coal.  The  only  opening  on  the  Elkhom  coals  on 
Grassy  Creek  is  at  the  head  of  Trace  Fork,  and  is  reported  to  show 
the  Lower  Elkhom  4  feet  10  inches  thick. 

Marrowbone  Creek, — The  Auxier  coal  is  insignificant  on  Marrow- 
bone Creek,  as  can  be  seen  by  an  outcrop  at  Marrowbone  station. 

The  Millard  coal  is  240  feet  above  the  railroad  at  the  mouth  of  the 
creek,  where  it  is  2  feet  6  inches  thick.  It  maintains  this  thickness 
at  John  Coleman's,  on  Wolfpit  Fork,  and  at  Dan  Stewart's,  in  Laurel 
Hollow.  Li  a  pit  370  feet  below  the  Lower  Elkhom  coal  at  the 
Marrowbone  mine,  this  bed  shows  2  feet  4  inches  of  coal,  and  on 
Rockhouse  Creek  it  varies  from  2  feet  2  inches  to  2  feet  6  inches. 

The  Bingham  coal  is  exposed  under  the  incline  at  the  Marrow- 
bone mine,  190  feet  below  the  Lower  Elkhom.  It  consists  of  a  lower 
bench  2  feet  9  inches  thick,  overlain  by  1  foot  2  inches  of  clay,  and  an 
upper  bench  of  6  inches  of  coal.  At  Alec  Ratliff's,  on  Wol^it  Fork, 
it  is  2  feet  6  inches  thick. 

The  Lower  Elkhom  coal  at  the  heads  of  Wolfpit  Fork  and  of  Dead- 
ening Fork  of  Rockhouse  Creek  consists  of  3  feet  to  3  feet  4  inches  of 
solid  coal,  overlain  by  4  to  9  inches  of  bony  coal.  The  bed  has  no 
partings  and  no  laminated  coal,  as  is  usual  elsewhere.  In  the  five 
mines  on  Marrowbone  Creek  and  in  numerous  other  openings  the 
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Lower  Elkhom  consists  typically  of  2  feet  6  inches  to  3  feet  of  solid 
coal,  overlain  by  1  foot  to  1  foot  8  inches  of  laminated  coal.  At  a 
few  places  the  laminated  coal  is  thin  and  overlain  by  several  inches 
of  solid  coal. 

The  Upper  Elkhom  bed  is  opened  at  a  number  t)f  places  on  this 
creek,  and  shows  thicknesses  ranging  from  3  to  5  feet,  with  the  upper 

5  to  10  inches  laminated.  A  notable  exception  is  the  occurrence  at 
the  Marrowbone  mine,  where  the  bed  is  3  feet  10  inches  thick,  but 
includes  a  clay  parting  1  foot  5  inches  thick  near  the  bottom. 

The  Flatwoods  coal  is  shown  by  three  trenches  near  the  head  of 
Cassell  Fork  to  be  from  14  feet  to  18  feet  9  inches  thick.  Two-thirds 
of  the  bed  is  practically  worthless,  on  account  of  clay  parsings. 

Pond  Creek, — The  Lower  Elkhom  coal  has  been  opened  by  Sanford 
Moore,  N.  A.  Ramey,  William  Ramey,  and  Grant  Hawkins,  and  at 
each  pit  shows  approximately  3  feet  of  solid  coal,  overlain  by  1  foot 
of  laminated  coal. 

Jesse  CreeTc, — The  Lower  Elkhom  coal  has  been  dug  in  a  hollow  oflp 
Left  Branch  of  Jesse  Creek  above  Frank  Owen's  house,  and  showi^ 
the  same  character  as  on  Pond  Creek,  being  4  feet  thick  with  the  upper 
part  laminated. 

Little  CreeJc  and  Moore  Branch. — The  Els  wick  coal  is  3  feet  to  3  feet 
4  inches  thick  along  the  railroad  below  the  mouth  of  Moore  Branch. 
The  Auxier  coal  is  3  feet  8  inches  thick  on  Little  Creek,  and  3  feet 
1  inch  in  the  hollow  back  of  Calvin  Ramey's,  half  a  mile  farther  down 
the  river.  At  Moore  Branch  the  Auxier  is  thicker  than  elsewhere  in 
the  field,  measuring  4  feet  6  inches  with  a  2-inch  clay  parting  near 
the  floor. 

Elkhom  Creeic, — The  Elswick  coal -is  dug  in  two  or  three  places 
within  a  mile  of  Praise  and  shows  from  2  feet  6  inches  to  2  feet  9  inches 
of  coal. 

The  outcrop  of  the  Auxier  was  traced  by  its  bloom  to  the  point 
where  the  coal  falls  below  creek  level  near  the  mouth  of  Kettlecamp 
Creek,  but  a  section  of  the  bed  was  not  obtained. 

The  Lower  Elkhom  coal  is  a  little  over  4  feet  thick  at  Jackson 
Branch,  but  the  upper  third  or  half  is  laminate^l.  Near  the  head  of 
Ashcamp  Branch  the  bed  is  composed  of  10  inches  of  solid  coal,  9 
inches  of  laminated  coal,  and  a  main  bench  of  solid  coal  at  least  2  feet 

6  inches  thick.  An  opening  at  Harry  Bentley's,  below  Pigeon  Creek, 
shows  a  4-foot  bed,  only  the  upper  2  inches  being  laminated;  but  at 
the  Childers  opening  on  Big  Branch  there  is  2  feet  6  inches  of  lami- 
nated coal  and  only  13  inches  of  solid  coal.  On  Shop  Branch  and  at 
the  head  of  Shelby  Creek  the  Lower  Elkhorn  is  3  to  4  feet  thick,  and 
has  from  12  to  20  inches  of  laminated  coal  in  the  middle  instead  of  at 
the  top  of  the  bed.  At  J.  D.  Bentley's  and  at  Esau  Moore's,  on  Elk- 
horn  Creek  between  Shelby  Gap  and  Marshall  Branch;  at  William 
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Isom's,  on  Marshall  Branch;  and  at  the  mouth  of  Peaks  Branch,  the 
Lower  Elkhom  bed  has  a  thickness  of  3  feet.  In  each  place  the  lower 
half  of  the  bed  is  solid  coal  and  the  upper  half  ranges  from  7  to  13 
inches  of  laminated  coal,  overlain  by  6  to  10  inches  of  solid  coal. 

The  Upper  Elkhom  coal  is  2  feet  10  inches  thick  at  Ashcamp  Gap, 
and  on  the  longest  fork  of  Pfgeon  Creek  it  is  3  feet  3  inches  thick, 
including  4  inches  of  laminated  coal.  On  Marshall  Branch  the 
Upper  Elkhom  begins  to  assume  the  proportions  that  have  made  it 
famous  in  this  region.  At  the  head  of  the  right  fork  4  feet  3  inches 
of  coal  is  seen  in  two  benches,  separated  by  14  inches  of  shale;  while 
in  two  openings  at  the  head  of  the  left  fork  the  bed  is  8  feet  and  8  feet 
9  inches  thick,  and  contains  only  from  4  to  9  inches  of  partings.  On 
Peaks  Branch  the  bed  is  at  least  10  feet  thick,  with  one  10-inch  part- 
ing. On  Bens  Branch  the  Upper  Elkhom  measures  8  feet  10  inches, 
with  a  10-inch  parting  in  the  middle,  and  on  Joes  Branch  9  feet  IJ 
inches,  with  only  a  2i-inch  parting.  The  Mullins  opening  at  the  head 
of  Elkhorn  Creek  shows  this  bed  7  feet  7  inches  thick,  with  3  inches 
of  clay  in  the  middle.  The  coal  bed  maintains  an  ayerage  thickness 
of  8  feet  over  a  large  area  around  the  heads  of  Boone  Fork  of  Ken- 
^  tucky  River  and  of  Shelby  Creek. 

Coal  has  been  found  in  several  places  on  the  flank  of  Pine  Mountain. 
A  bed  on  William  Potter's  land  above  Joes  Branch  is  reported  9  feet  6 
inches  thick.  Ten  feet  of  clean,  solid  coal  outcrops  1  mile  up  Pigeon- 
roost  Creek,  and  a  bed  9  feet  thick  is  reported  on  the  road  to  Blowing 
Rock  Gap. 

SUMMARY. 

It  will  be  seen  from  the  foregoing  description  of  the  field  that  it 
contains  six  coal  beds  which  are  of  workable  thickness.  Two  or  three 
other  beds  are  of  unknown  thickness.  The  following  table  shows 
the  range  in  thickness  of  the  workable  beds: 

Thickness  of  workable  beds  in  Elkhom  field,  Kentucky. 


Coal  bed. 


Elswick. 

Auxler. 

MiUaixl 

Bingham ,. 

Lower  Elktiom *. 

U  pper  Elkhorn : .  .^ 

• 


Number 
of  sec- 
tions. 


5 

8 

20 

4 

34 

17 


Maximum. 

Minimum. 

Ft.  in. 

Ft.  in. 

3    10 

2    6 

4    11 

1    8 

4      4 

1    G 

4      5 

2    6 

ti    11 

2    9 

8    10 

3    3 

Average. 


Ft.  in. 
3  1 
3 
2 
3 
4 
5 


It  should  be  borne  in  mind  that  this  table  is  based  on  the  total 
thickness  of  the  beds,  and  does  not  represent  the  amount  of  market- 
able coal  contained  in  each  bed,  which  is  considerably  less  than  these 
figures. 
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ANA1.YSBS  OP  COAL. 

Few  bituminous  coals  in  the  Appalachian  field  are  of  higher  grade 
than  those  described  in  this  repoTt.  The  following  table  shows  the 
chemical  character  as  determined  at  the  United  States  Geological 
Survey  fuel-testing  plant  at  St.  Louis,  from  mine  samples  taken  by 
the  writer: 

Analyses  of  coal  samples  from  Elkhom  field,  Kentucky. 

[F.  M.  Stanton,  analyst.] 


Laboratory  No. 


Analysis  of  sample  as  re- 
ceived: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


MU- 
lard. 


3662. 


aoo 

32.22 

5&50 

8.19 

1.06 


Lower  Elkhom. 


3705. 


2.  go 

2&fiQ 

53.70 

14  81 

.49 


l>oss  of  moisture  on. air  dry- 
ing  


I 


L40 


Analysis  of  air-dried  sample:  i 

Moisture '    L62 

Volatile  matter 32.68 

Fixed  carbon 67.39 

Ash a3l 

Sulphur 1.07 


L30 


L62 

28.97 

54.41 

l&OO 

.SO 


3706. 

3.35 
3L76 
6a81 

408 
.54 

1.70 

1.68 
32.31 
61.86 

415 
.55 

3702. 


3.19 

2&83 

4&61 

22.37 

.40 


3663.       3661. 


t^p; 


ho 


rElk- 
om. 


Flat- 
woods. 


3706. 


4  73 

5l27 

403 

3L62 

27.74 

32.46 

61.57 

59.75 

5a  73 

2.08 

7.24 

4  78 

.71 

.50 

.74 

3828.       3829. 


3.96 
32.37 
61.10 

2.57 
.56 


L80 


3.20        a40 


2.80 


1.90 


3.45 
33.69 
54  61 

&25 
.82 


1.70 


L42 

26.30 

49.50 

22.78 

.41 


1.58 

1.93 

1.26 

32.66 

28.72 

3a  40 

63.61 

61.85 

Ga42 

2.15 

7.50 

492 

.73 

.52 

.76 

2.10 
33.00 
62.28 

2.62 
.57 


•'S 


1.1 
34  27 
55.55 

8.40 
.83 


The  following  table  contains  analyses  of  samples  taken  by  E.  V. 
d'Invilliers  for  a  private  report: 

Analyses  of  coals  in  the  Elkhom  fUld,  Kentucky. 
[A.  S.  McCreath,  analyst.] 


Coal. 


Elswicko 

Auxierb 

Lower  Elkhom  c 
Upper  Elkhom  << 


Mois- 
ture. 


0.65 
.65 
1.441 
1.538 


Volatile 
matter. 


3a55 
29.96 
31.804 
34  985 


Fixed 
carbon. 


59.239 
5&g8 
56.837 
58.367 


Ash. 


a  18 
9.72 
9  538 
4  499 


Sulphur. 


1.381 
.69 

.587 


Phos- 
phorus. 


0.0028 
.0022 


a  Mouth  of  Moore  Branch. 
b  Mouth  of  Elkhom  Creek. 


c  Average  of  9  samples  from  entire  field. 
d  Average  of  19  samples  from  entire  field, 


The  following  table  is  given  for  the  purpose  of  comparing  the  Elk- 
hom coals  with  well-known  eastern  bituminous  coals: 

Average  analyses  of  eastern  bituminous  coals. 


Pocahontas,  semibituminous  (average  of  38)a 

New  River  (Quinnemont),  semibituminous  (aver- 
age of  17)& 

Pittsburg  (Conneilsville).  coking  (average  of  20)^.. 

Lower  Elkhom  (average  of  22) 

Upper  Elkhom  (average  of  19) 

Clinch  Valley  gas  coal « 

Westmoreland  gas  coal  << 

Pennsylvania  gas  coal  d 


Mois- 

Volatile 

Fixed 

Ash. 

ture. 

matter. 

carbon. 

a  73 

17.43 

77.71 

4G3 

.00 

19.93 

7&20 

427 

1.130 

29.812 

Ga420 

7.949 

1.425 

32.105 

58.  435 

7.459 

1.538 

34  985 

58.3f>7 

4  49D 

1.180 

37. 3!W 

5d732 

5.002 

1.427 

37.521 

54.  \m 

5l418 

1.280 

38.105 

54  383 

5  440 

Sulphur. 


a62 

.67 

.680 

.674 

.587 

.619 

.713 

.792 


a  White.  I.  C.  Geol.  Survey  West  Virginia,  vol.  2,  1903,  pp.  095.  G9G.  70(). 
b  White,  1.  C.  op.  cit.,  p.  670. 
<■  H.  C.  Fnck  Coke  Company. 

d  McCreath.  A.  S.,  and  D'lnvilliors.  E.  V.,  Mineral  Resources  of  l'pp»'r  Cunil)orland  Valley.  1888, 
p.  145. 
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COKE. 

.  Analyses  and  tests  of  coke  made  at  several  different  laboratories 
and  plants  for  the  Northern  Coal  and  Coke  Company  show  that  the 
Upper  Elkhom  coal  around  the  head  of  Elkhom  Creek  is  an  excellent 
coking  coal.  The  coke  produced  from  it  is  equal  to  the  standard 
cokes  made  in  this  country  to-day  and  is  superior  to  some  in  its  very 
low  percentage  of  sulphur  and  phosphorus. 

Analyses  of  five  samples  of  48-hour  coke  and  four  samples  of  72-hour 
coke  made  from  coal  taken  from  the  Ben  Potter  and  William  Mullins 
banks  in  beehive  ovens  built  by  the  Northern  Coal  and  Coke  Com- 
pany, on  Elkhom  Creek,  average  as  follows: 

Analyses  of  Elkhom  coke. 
[  A.  S.  McCreath,  analyst.] 


4S-hour. 

72-hour. 

Moisture 

a  187 

1.265 

9a  140 

7.891 

.517 

a  151 

Volatile  matter 

1.147 

Fixed  carbon 

91. 072 

Ash 

7.082 

Sulphur 

.546 

Phosphorus  to  the  amount  of  0.003  per  cent  was  found  in  two 
samples. 

A  sample  of  48-hour  coke  from  the  coal  at  Ben  Potter's  gave  the 
following  results  in  a  physical  test  by  John  Fulton,  of  Johnstown,  Pa. : 

Physical  test  of  Elkhom  coke. 

Percentage  by  volume  of  coke 59. 84 

Percentage  by  volume  of  cglls 40. 26 

Compressive  strength  of  cubic  inch,  one-fourth  ultimate  strength lbs. .  279 

Height  of  furnace  charge  without  crushing feet. .  Ill 

Order  in  cellular  space 1. 25 

Hardness 2.  95 

Specific  gravity 1. 75 

TONNAGE. 

Any  estimate  of  the  amoimt  of  coal  in  this  field  necessarily  is  only 
approximate.  It  is  not  known  absolutely  how  far  the  beds  extend 
beneath  the  surface  or  whether  the  average  thicknesses  shown  in  the 
outcrops  are  maintained  for  any  distance  under  cover.  It  is  assumed 
that  a  bed  2  feet  thick  is  workable,  because  beds  carrying  less  than  2 
feet  of  good  bituminous  coal  are  being  mined  in  the  United  States 
to-day. 

The  tonnage  of  the  Elswick  and  Bingham  coals  is  estimated  on  an 
area  only  one-quarter  that  of  the  field,  because  so  little  is  known  of 
the  character  of  these  beds.  The  Auxier  and  Millard  beds  are  better 
known  and  are  assumed  to  be  of  workable  thickness  imder  at  least  50 
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square  miles  of  the  130  which  constitute  the  field.  The  acreage  of  the 
Elkhom  and  Flatwoods  coals  was  obtained  by  pianimeter  from  the 
accompanying  map,  the  divide  at  the  head  of  Russell  Fork  drainage 
being  taken  for  the  boimdary  of  the  field. 

The  subjoined  figures  are  an  estiniate  of  the  coal  now  in  the  groimd. 
They  do  not  include  the  3-  or  4-foot  bed  said  to  occur  above  the 
Upper  Elkhom  coal  or  the  4-foot  bed  500  feet  above  the  Flatwoods 
coal.  This  estimate  is  based  on  a  specific  gravity  of  1.3,  or  1,800 
tons  per  acre  for  every  foot  of  coal. 

Estimated  gross  tonnage  in  Elkhom  coalfield,  Kentiuiky. 


Coal. 


Flswiok 

Auzier 

Millard 

Bingham 

Lower  Elkhom: 

East  of  Russell  Fork 

Riis<)ell  Fork  to  Shelbv  Gap 

Sholbv  Gap  to  head  ox  Elkhom  Creek 
Upper  Elkhom: 

East  of  Russell  Fork 

Russell  Fork  to  Shelby  Gap 

Shelby  Gap  to  head  of  Elkhom  Creek 
Flatwoods 


Area. 

Thick- 

ness. 

Sq.  miles. 

feet. 

30 

l\ 

50 

50 

2 

30 

3 

Acres. 

12,140 

5 

33,825 

4 

9,150 

3 

4.000 

6 

20,720 

3i 

6,425 

8 

2,300 

7 

Amount. 


Short  tons. 

86,400,000 

144,000.000 

115.200,000 

103,680,000 

100,2^0,000 

243,540,000 

49,410,000 

43.200,000 

130,536,000 

92,520.000 

28,980,000 

1,146,726,000 


These  figures  are  so  inconceivable  that  the  amoimt  of  coal  estimated 
to  be  in  this  field  can  be  grasped  only  when  expressed  in  other  terms 
than  millions  of  tons.  The  total  amoimt  is  nearly  three  times  as 
much  as  all  the  coal  mined  in  the  United  States  in  1905.  It  would 
make  a  soUd  bed  of  coal  8  feet  thick  over  the  area  shown  on  the 
accompanying  map,  or  1  foot  thick  over  nearly  1,000  square  miles. 
The  amount  of  coal  in  the  Upper  Elkhom  bed  between  Shelby  Gap 
and  the  head  of  Elkhom  Creek,  if  loaded  in  40-foot  coal  cars  carrying 
40  tons  each,  would  make  a  train  17,522  miles  long.  The  total 
amount  of  coal  in  this  field,  over  a  billion  tons,  if  loaded  in  the  same 
way,  would  make  a  train  217,183  miles  long,  or  eight  trains  extending 
aroimd  the  world,  with  enough  left  over  to  make  more  than  five  solid 
trains  reaching  from  New  York  to  San  Francisco.  On  the  assumption 
that  30  per  cent  of  this  coal  will  be  wasted  in  mining,  there  remains  a 
possible  output  of  800,000,000  tons. 


THE  RUSSELL  FORK  COAL  FIELD,  VIRGINIA. 


By  Ralph  W.  Stone. 


rNTRODUCTION. 

In  Dickenson  County  and  adjacent  portions  of  Buchanan  and 
Wise  counties,  Va.,  there  is  an  area  of  550  square  miles  in  the  midst 
of  the  Appalachian  coal  field  in  which  the  coal  has  not  been  exten- 
sively prospected  and  concerning  which  no  reports  have  been  pub- 
lished. The  field  to  be  described  is  that  part  of  the  drainage  basin 
of  Russell  Fork  of  Big  Sandy  River  which  lies  in  Virginia. 

Projects  for  the  construction  of  a  railroad  through  Dickenson 
County  led  to  a  reconnaissance  survey  of  this  field,  which  was  made  by 
the  writer  during  six  weeks  in  the  fall  of  1906,  assisted  by  C.  W. 
Dodge,  jr.,  for  two  weeks. 

GEOGRAPHT. 

This  field  includes  all  of  Dickenson  County,  the  western  part  of 
Buchanan  County,  and  the  northern  part  of  Wise  County  (PI.  IV). 
It  is  a  heavily  wooded,  thinly  populated,  mountainous  district. 
Sandy  Ridge,  which  has  a  general  elevation  of  3,000  feet,  forms  the 
southeastern  boxmdary  of  the  field,  and  Pine  Mountain,  of  equal  ele- 
vation, on  the  dividing  line  between  Virginia  and  Kentucky,  forms 
the  northern  and  western  boundaries.  The  divide  between  Russell 
Fork  and  Levisa  Fork  is  from  2,000  to  2,500  feet  above  sea  level. 
The  general  elevation  of  the  main  streams  is  1,500  feet,  and  the  lowest 
point,  where  Russell  Fork  passes  through  The  Breaks  at  the  north 
end  of  Pine  Moimtain,  is  approximately  900  feet  above  tide  at  the 
State  line. 

For  the  most  part  the  coimtry  is  made  up  of  steep-sided,  narrow- 
topped  ridges.  There  is  no  level  land  of  any  extent  in  this  section 
of  the  State,  the  nearest  approximation  being  some  of  the  flat  tops 
of  the  ridges,  which  may  be  comparatively  level  for  a  mile  or  more, 
but  not  over  a  hundred  yards  wide.  The  valley  bottoms  are  narrow, 
many  of  them  affording  little  more  than  room  for  a  road  beside  the 
stream. 

55 
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DRAINAGE. 

All  the  drainage  of  the  area  here  described  passes  into  Kentucky 
through  The  Breaks,  at  the  end  of  Pine  Mountain,  in  the  northeast 
comer  of  Dickenson  County.  The  principal  streams  tributary  to 
Russell  Fork  are  Pound  River,  McClure  Creek,  and  Fryingpan  Creek. 
Pound  River  is  the  largest  branch,  rising  at  Black  Mountain,  on 
Stateline  Spur,  and  flowing  northeastward,  parallel  with  Pine  Moun- 
tain, for  25  miles.  Cranes  Nest  River,  a  fork  of  Poimd  River,  is 
about  equal  in  size  to  the  main  stream. 

8ETTL.EMENT. 

The  area  of  the  Russell  Fork  basin  in  Viiginia  is  550  square  miles, 
and  the  population  probably  does  not  exceed  10,000.  Dickenson 
County  has  an  area  of  324  square  miles  and  a  population  of  7,747. 
Settlements  are  confined  to  the  valleys  and  are  all  very  small,  the  only 
one  having  a  population  of  more  than  100  being  the  county  seat, 
Clintwood,  which  numbers  255. 

ACCESSIBIIilTY. 

There  is  no  ready  access  to  this  country  except  on  horseback  or 
by  wagon  road  through  some  gap  in  the  surrounding  mountains. 
Pine  Mountain,  State-line  Spur,  and  Sandy  Ridge  form  a  continuous 
barrier  on  three  sides,  with  a  general  elevation  of  3,000  feet,  while 
the  ridge  on  the  fourth  side  is  but  little  less  of  a  barrier.  Wagon 
roads  are  few  and  follow  the  main  streams  or  the  long,  fairly  level 
ridge  tops. 

The  railroads  nearest  to  the  area  are  the  Clinch  Valley  division  of 

the  Norfolk  and  Western  Railway  on  the  south,  and  the  Big  Sandy 

branch  of  the  Chesapeake  and  Ohio  Railway  at  Elkhom  City,  Ky., 

on  the  north.     The  Chesapeake  and  Ohio  branch  could  be  extended 

into  the  region  from  the  north  through  The  Breaks  with  no  great 

difficulty  other  than  considerable  expense.     The  South  and  Western 

Railway  has  surveyed  a  route  from  Elkhom  City  to  the  mouth  of 

Cranes  Nest  River,  with  a  maximum  compensated  grade  of  less  than 

1  per  cent.     The  proposed  route  which  would  connect  the  railroad 

at  Dante  with  the  Chesapeake  and  Ohio  at  Elkhom  City  is  to  pass 

through  Sandy  Ridge  by  a  long  tunnel  under  Trammel  Gap,  and 

thence  down  McClure  Creek.     Another  feasible  route  would  be  up 

Dump  Creek,  under  Risers  Gap  by  a  tunnel,  and  down  Fryingpan 

Creek. 

GEOIiOGT. 

STRATIGRAPHY. 

The  rocks  of  this  field  all  belong  to  the  Pottsville  group  of  Car- 
boniferous age.  Three  formations  of  this  group  are  represented  in 
whole  or  in  part.     The  lowest  is  the  Lee  conglomerate.     This  is  over- 


RUSSBLL  FOBK  OOAL  J'lELD,  VIRGINIA.  57 

lain  by  the  Norton  formation,  which  underlies  the  surface  of  the  greater 
part  of  the  area.  The  lower  members  of  the  Wise  formation  cap 
some  of  the  high  ridges  which  form  the  southern  and  eastern  bound- 
aries of  the  region.  The  I^ee  conglomerate  is  nearly  1,000  feet  thick, 
the  Norton  approaches  1,000  feet,  and  200  or  300  feet  of  the  Wise 
formation  may  be  present,  making  a  total  stratigraphic  section  of 
about  2,400  feet. 

The  Lee  conglomerate  is  composed  largely  of  massive  cross-bedded 
sandstone,  but  may  contain  some  thin  sandy  or  shaly  beds.  Two 
or  three  coal  beds  have  been  foimd  in  it  at  various  places.  The 
name  ** conglomerate"  comes  from  the  fact  that  some  portions  of 
the  formation,  particularly  the  top  and  bottom,  carry  considerable 
quantities  of  small  white  quartz  pebbles.  The  conglomerate  as  a 
whole  is  coarse  grained,  weathers  to  a  grayish  white,  and  makes  con- 
spicuous ledges  or  strews  the  surface  with  large  blocks.  It  is  exposed 
along  the  east  side  of  Pine  Mountain  and  makes  cliffs  several  hundred 
feet  high  at  The  Breaks.  The  base  of  the  formation  is  seen  at  Pound 
Gap  and  Osbom  Gap,  and  a  dip  of  25°  E.  carries  it  below  the  surface 
close  to  Pound  River.  On  Russell  Fork,  above  the  mouth  of  Indian 
Creek,  a  massive  sandstone  which  carries  white  quartz  pebbles  and 
is  believed  to  be  the  top  of  the  Lee  is  exposed  for  several  miles.  At 
the  mouths  of  Indian  and  Hurricane  creeks  it  forms  cliffs  nearly  100 
feet  high.  It  rises  gradually  to  the  east  and  keeps  above  water  nearly 
to  the  heads  of  the  streams.  The  top  of  the  Lee,  according  to  a 
hurried  field  correlation,  is  but  a  few  feet  above  Council  post-office 
on  Russell  Fork. 

The  Norton  formation  is  a  series  of  sandstone,  shale,  and  coal  beds 
having  a  thickness  of  1,000  feet  or  more  and  lying  above  the  Lee 
conglomerate.  Its  upper  limit  is  the  base  of  the  Gladeville  sandstone. 
The  position  of  this  sandstone  at  Dante,  the  only  place  where  a  com- 
plete section  could  be  measured,  is  uncertain,  but  on  the  assumption 
that  a  pebble-bearing  sandstone  exposed  in  Trammel  Gap  is  the 
Gladeville  and  that  the  top  of  a  heavy  sandstone  found  257  feet 
below  the  surface  in  a  drill  hole  at  Dante  is  the  top  of  the  I^ee,  the 
thickness  of  the  Norton  formation  is  1,060  feet. 

The  relative  position  of  the  coal  beds  in  the  Norton  formation  in 
this  area  is  as  follows: 

Generalized  section  of  Norton  formation  in  Russell  Fork  coal  field,  Kentucky. 

Sandstone,  Gladeville.  Feot. 

Coal 3 

Interval 140 

Coal Small. 

In  terval 1 00 

Coal,  Upper  Banner 5 

Interval 100 
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Feet. 

Coal,  Lower  Banner 4 

Interval 50 

Coal 2 

Interval 190 

Coal,  Widow  Kennedy 6 

Interval 120 

Coal Small. 

Interval 140 

Coal Small. 

Interval 180 

Coal 3-15 

Interval 10-30 

Conglomerate,  Lee. 

The  Glade ville  sandstone  is  massive,  coarse  grained,  and  about  100 
feet  thick.  It  is  found  only  in  the  ridge  tops,  except  at  Clintwood, 
where  a  structural  basin  brings  it  down  to  an  elevation  of  1,800  feet. 

The  Wise  formation  caps  the  highest  ridges.  It  is  composed  of 
sandstone,  shale,  and  coal,  like  the  Norton  formation.  Its  lower  por- 
tion only  is  exposed  in  this  area.  A  coal  bed  lying  at  or  near  the 
base  has  a  local  thickness  of  8  feet  on  Greorges  and  Lick  creeks  near 
Clintwood. 

STRUCTURE. 

The  rocks  in  this  area  for  the  most  part  lie  comparatively  flat. 
So  far  as  could  be  discovered  in  a  reconnaissance  trip,  the  dip  between 
Sandy  Ridge  and  Cranes  Nest  River  is  generally  to  the  north  and 
northwest.  From  the  crest  of  Pine  Moimtain  to  Pound  River  and 
along  Russell  Fork  below  the  mouth  of  Pound  River  the  rocks  dip 
to  the  southeast  at  angles  decreasing  in  intensity  as  the  moimtain 
is  descended.  The  base  of  the  Lee  on  the  top  of  the  mountain  dips 
25°  SE.,  but  near  Poimd  River  the  beds  at  the  top  of  the  I^ee  dip 
less  than  10°.  These  strong  dips  carry  the  conglomerate  below  the 
surface,  so  that  little  of  it  is  found  east  of  Pound  River. 

In  the  triangle  between  Poimd  River,  Cranes  Nest  River,  and  the 
county  line,  the  rocks  dip  toward  Brush  Creek,  or  a  point  on  Pound 
River  north  of  Clintwood.  This  syncline,  which  is  parallel  with  the 
mountain,  is  recognized  farther  upstream  in  Wise  County,  where  the 
axis  seems  to  lie  between  the  north  and  south  forks  of  Pound  River. 
Structurally,  the  lowest  point  in  the  section  of  Wise  County  included 
here  is  near  Pound  post-office,  for  the  rocks  dip  down  South  Fork 
and  Indian,  Bowlecamp,  and  Mill  creeks. 

The  great  fault  which  extends  along  the  west  side  of  Pine  Moun- 
tain in  Kentucky  for  many  miles  crosses  the  State  line  near  The 
Breaks,  and  on  Grassy  Creek  is  in  Virginia.  It  makes  an  escarpment 
several  hundred  feet  high  at  the  mouth  of  Grassy  Creek,  but  this 
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decreases  in  height  to  the  north  until  on  Cow  Fork  it  is  inconspicu- 
ous. It  is  possible  that  the  fault  terminates  in  a  northward-plunging 
anticline  on  Ijevisa  Fork. 

Parallel  faults  75  yards  apart  and  trending  N.  40°  W.  were  found 
at  the  mouth  of  Pound  River.  The  amount  of  displacement  was 
not  ascertained.  One  of  these  faults  crosses  Poimd  River  at  the 
dam,  directly  under  the  grist  mill,  and  the  other  extends  along  the 
left  bank  of  Russell  Fork,  crossing  Pound  River  at  its  mouth. 

A  small  fault  causing  a  displacement  of  about  20  feet  is  notice- 
able at  the  ford  just  below  CoUey  post-office,  near  the  mouth  of  Fry- 
ingpan  Creek.  A  possible  continuation  of  this  fault  was  seen  on 
Priest  Fork,  a  quarter  of  a  mile  from  the  mouth,  in  a  cliff  above  John 
Riser's  house.  In  line  with  these  two  points  and  possibly  having 
some  relation  to  them  is  a  sharp  little  fold  at  the  thi'^d  bend  in  Russell 
Fork  above  Murphy  post-office. 

On  Russell  Fork,  about  1  mile  above  the  mouth  of  Hurricane  Creek, 
near  Spencer  Ball's  house,  the  massive  sandstone,  supposed  to  be 
the  top  of  the  Lee,  abruptly  disappears,  and  shale  standing  at  high 
angles  is  seen  at  the  same  elevation.  It  is  believed  that  there  is  a 
fault  at  this  point,  and  ft  is  possible  that  there  is  a  continuation  of 
the  fault  on  Indian  Creek,  a  short  distance  below  the  mouth  of  Cany 
Fork. 

At  Haysi,  a  few  rods  both  east  and  west  of  Heyter's  store,  exposures 
in  the  road  show  coals  and  shales  standing  vertical,  and  in  the  head  of 
a  ravine  a  short  distance  farther  west  the  rocks  are  greatly  disturbed 
and  indicate  proximity  to  a  fault.  It  is  possible  that  other  minor 
faults  or  sharp  folds  of  small  extent  may  be  found  on  closer  investi- 
gation of  the  field. 

COAIi  RESOURCES. 

INTRODUCTION. 

On  account  of  the  undeveloped  condition  of  the  coal  resources  of 
the  region  and  the  reconnaissance  character  of  the  survey,  it  is  not 
possible  in  this  paper  to  name  and  describe  the  extent  of  the  various 
coal  beds  occurring  in  this  field.  Many  of  the  coal  outcrops  are 
several  miles  apart,  and  in  the  wooded  condition  of  the  country  it 
was  impossible  to  carry  correlation  over  such  distances.  Some  idea 
of  the  character  and  abundance  of  the  coals  can  be  obtained,  however, 
by  a  description  of  the  exposures  seen  at  prospect  trenches,  coal 
banks,  and  natural  outcrops.  The  Widow  Kennedy  and  Banner 
coals  of  the  Toms  Creek  field  in  Virginia  have  been  recognized  at 
many  points  in  the  area. 

To  facilitate  description,  the  field  may  be  divided  into  four  parts, 
equivalent  to  the  main  drainage  basins.  These  are  Russell  Fork, 
McClure  Creek,  Cranes  Nest  River,  and  Pound  River. 
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RUSSELL  FORK. 

The  Russell  Fork  district  includes  all  the  tributary^  drainage  of 
Russell  Fork  on  the  east,  from  its  head  to  Grassy  Creek  at  the  State 
line,  and  Fryingpan  and  Lick  creeks  on  the  west.  Most  of  this 
region  is  very  thinly  settled,  and  little  or  no  prospecting  has  been 
done  for  coal  except  on  Indian  Creek,  where  there  is  an  unusually 
thick  bed,  and  on  Fr^angpan  Creek  near  Bucu. 

The  first  coal  seen  at  the  head  of  Russell  Fork  is  one-third  of  a 
mile  above  Council  post-oflBce.  It  is  exposed  beside  the  road,  only  a 
few  feet  above  the  level  of  the  creek,  at  an  opening  known  as  the 
Isaac  J.  Hurt  bank  (No.  1").  An  entry  has  been  driven  for  100  feet 
and  shows  the  bed  54  feet  thick.  This  includes  2  inches  of  clay  and 
30  to  36  inches  of  laminated  coal  in  the  middle.  It  has  a  sand- 
stone roof  and  floor,  and  from  the  fact  that  the  underlying  sand- 
stone, well  exposed  a  few  rods  farther  upstream,  carries  abundant 
quartz  pebbles,  it  is  concluded  that  this  bed  is  on  top  of  the  Lee 
conglomerate. 

This  same  coal  has  been  opened  at  a  number  of  points  on  Indian 
Creek  and  shows  everywhere  a  considerable  thickness.  On  the  Van 
Sutherland  tract,  at  the  head  of  the  right  fork  of  Indian  Creek,  an 
opening  (No.  2)  exposes  a  bed  12  feet  5  inches  thick.  The  thickest 
parting  is  18  inches,  but  much  of  the  coal  is  inferior.  At  another 
opening  on  this  fork  it  is  reported.  12  feet  thick,  but  contains  two 
shale  partings  which  are  22  and  33  inches  thick.  In  Cane  Gap  a 
30-foot  drift  (No.  3)  shows  15  feet  4  inches  of  coal.  The  bottom 
bench  of  this  section  is  solid  coal  4  feet  10  inches  thick  and  the  remain- 
ing 10  feet  contains  4  feet  of  clay  and  shale.  Near  Elijah  Rasnick's 
house,  below  Cane  Gap,  a  50-foot  drift  (No.  4)  shows  a  section  6  feet 
2  inches  thick  similar  to  the  lower  part  of  the  bed  in  Cane  Gap. 

At  the  head  of  the  left  fork  of  Cany  Fork,  above  S.  J.  Tiller's  house, 
an  entry*  (No.  5)  driven  120  feet  to  obtain  fuel  for  a  locomotive  used 
in  logging  developed  5  feet  6  inches  of  fairly  clean  coal  and  left  19 
inches  of  laminated  coal  in  the  roof.  At  the  head  of  the  fork  (No.  6) 
Hiram  Tiller  has  cleared  the  outcrop  and  exposed  more  than  1 1  feet 
of  coal  bed.  Over  2  feet  of  this  is  sandy  clay  parting,  but  the  upper 
part  of  the  section  shows  5\  feet  of  solid  coal. 

At  N.  B.  Sutherland's  (No.  7),  on  Cany  Fork,  this  coal  bed  is  11 
feet  thick,  and  one-half  mile  farther  downstream  it -is  a  trifle  less  than 
8  feet.  One  mile  above  the  mouth  of  Canv  Fork  the  bed  is  8  feet 
thick,  but  carries  three  partings  in  the  middle  which  aggregate  17 
inches  of  shale.  The  Pitzer  &  Lindsay  opening  (No.  8),  below  the 
forks  of  Cany,  which  once  supplied  the  fuel  for  a  logging  locomotive, 
is  reported  to  have  shown  a  14-foot  bed  of  coal.  There  is  a  top 
bench  of  34  inches  of  coal  separated  by  6i  feet  of  shale,  coal,  and 

a  Figures  in  parentheses  refer  to  location  of  coal  prospects  on  accompanying  map  (PI.  IV). 
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bone  from  another  bench  2  feet  thick.  The  thick  partings  make  it 
of  little  value  for  mining. 

No  coal  beds  of  any  value  were  seen  for  several  miles  down  Russell 
Fork,  but  it  is  probable  that  some  will  be  discovered  if  the  region  is 
prospected.  Among  the  unimportant  exposures  is  a  22-inch  coal  at 
the  mouth  of  Indian  Creek,  an  18-inch  coal  in  the  hollow  back  of  Bee 
post-office,  and  a  17-inch  coal  in  the  gap  between  Abners  Fork  and 
Priest  Fork.  A  2-foot  bed  is  reported  near  Murphy  post-office,  and 
a  15-inch  coal  was  seen  on  Little  Pawpaw  Branch.  Prospecting  has 
revealed  several  coals  on  Fryingpan  Creek  in  the  vicinity  of  Bucu 
post-office.  Among  these  is  a  32-inch  bed  at  the  mouth  of  Left 
Fork  and  a  5-foot  bed  one-third  of  a  mile  farther  upstream  (No.  9) 
close  to  the  roi^l.  A  quarter  of  a  mile  below  Bucu,  in  the  east  bank 
of  the  creek,  there  is  an  opening  which  shows  46  inches  of  coal  with 
only  a  half-inch  parting,  and  25  feet  above  it  there  is  a  20-inch  bed. 
On  the  opposite  side  of  the  creek,  at  Z.  T.  Sutherland's,  an  opening 
(No.  10)  shows  a  bed  5  feet  10  inches  thick,  which  is  peculiar  in  that 
the  lower  27  inches  is  a  mixture  of  clay  and  laminated  coal  standing 
on  edge.  A  road  opening  farther  downstream  shows  a  coal  reported 
to  be  5  feet  7  inches  thick  which  has  a  marked  curly  laminated 
structure. 

The  Upper  Banner  coal  has  ]^n  opened  in  the  head  of  the  hollow 
back  of  Havre  Powers's,  about  500  feet  above  the  creek  (No.  11).  It 
Ues  under  a  50-foot  ledge  of  sandstone  and  is  more  than  6  feet  thick. 
On  the  left  side  of  the  same  branch  another  opening  shows  the  Upper 
Banner  nearly  7  feet  thick,  with  less  than  20  inches  of  clay  or  bone 
parting.  The  Upper  Banner  has  also  been  opened  (No.  12)  at  the 
head  of  Beech  Branch  of  Lick  Creek,  on  John  DeeFs  land.  The  bed 
is  only  4  feet  2  inches  thick,  but  is  fairly  clean  coal.  On  Dog  Branch, 
half  a  mile  above  Lick  Creek,  a  pit  (No.  13)  shows  a  highly  contorted 
mixture  of  clay  and  coal,  which  is  practically  worthless  on  account 
of  its  irregularity.  The  appearance  of  the  coal  suggests  that  this 
may  be  the  Widow  Kennedy  bed.  An  opening  (No.  14)  at  T.  K. 
CoUey^s,  at  the  mouth  of  Duty  Branch,  half  a  mile  below  Birchleaf 
post-office,  showed  about  4  feet  of  crushed  and  rolled  coal  under  a 
roof  of  badly  jointed  sandstone  which  is  so  treacherous  that  the  pit 
can  not  be  kept  open.  The  general  appearance  of  the  coal  suggests 
that. this  also  may  be  the  Widow  Kennedy  bed. 

Very  little  prospecting  has  been  done  on  Prator  Creek,  and 
only  two  beds  of  any  account  were  seen.  One  of  these  (No.  15)  is  at 
the  head  of  War  Fork,  2  J  miles  above  Prator  post-office,  130  feet 
above  Larkins  Owen's  house,  and  close  to  the  top  of  the  ridge.  The 
opening  shows  a  bed  4  feet  8  inches  thick,  containing  only  one-half 
inch  of  clay.  This  probably  is  the  Upper  Banner  coal.  On  Green- 
brier Fork,  2  miles  above  the  mouth  and  400  feet  above  the  creek, 
there  is  an  opening  (No.  16),  made  by  Albert  and  Wiley  0'Q^inn,  on 
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a  bed  which  is  over  5  feet  thick,  but  which  has  several  thin  partings. 
At  the  head  of  Greenbrier  Fork  there  is  2  feet  5  inches  of  coal  on  Z.  T. 
Raines's  land  (No.  17),  and  about  2  feet  of  coal,  probably  the  same 
bed,  at  Joshua  O'Quinn's.  On  the  road  from  the  mouth  of  McClure 
Creek  to  Jane  post-office  a  number  of  coal  blooms  are  exposed,  and  a 
1-foot  bed  has  been  stripped  on  the  fork  of  Bart  Lick.  On  Bart 
Lick,  1  mile  from  the  road,  there  is  a  2-foot  bed  opened  at  three  places 
below  Dr.  J.  W.  Wright's  house,  and  at  the  crook  of  the  road  on  the 
right  fork  of  Camp  Branch  there  is  an  opening  on  a  coal  bed  nearly  5 
feet  thick,  which  has  a  12-inch  clay  parting.  On  Hunts  Creek,  the 
main  right  fork  of  Grassy  Creek,  there  are  three  openings  between 
Jane  post-office  and  the  divide  on  the  road  to  Grundy  which  show 
from  2  to  3  feet  of  coal.  On  the  right  of  Hunts  Creek,  half  a  mile  below 
the  gap  leading  to  Bull  Creek,  an  opening  shows  4  feet  1  inch  of  very 
clean  coal. 

On  the  branch  which  joins  Hunts  Creek  from  the  east  at  Jane  post- 
office  an  opening  back  of  T.  L.  Owen's  house  shows  a  35-inch  bed 
(No.  18),  containing  a  7-inch  parting,  and  another  on  the  Stiltner 
farm  shows  a  2-foot  bed.  One  mile  above  Jane,  on  Noah  Mullens's 
land,  coal  is  taken  every  winter  from  a  pit  containing  28  to  30  inches 
of  coal.  On  the  right  of  Abes  Fork  of  Grassy  Creek,  in  Old  House 
Branch,  there  are  three  openings  (No.  19),  made  by  the  Yellow 
Poplar  Company,  which  show  a  bed  from  4  to  6  feet  thick,  containing 
a  7-inch  clay  band  near  the  bottom.  These  openings  are  close  to  the 
Pine  Mountain  fault. 

McCLURE  CREEK. 

Back  of  Homade  post-office,  on  the  head  of  McClure  Creek,  Reuben 
Owens  has  faced  up  a  coal  bed  (No.  20),  probably  the  Lower  Banner, 
and  found  nearly  4  feet  of  soUd  coal.  Blossoms  of  higher  coals  occur 
in  the  road  between  Homade  and  Flint  Gap. 

At  the  head  of  Trammel  Oeek  the  Upper  Banner  coal  has  been 
opened  on  the  Brooks  farm  (No.  21),  where  it  is  4  feet  11  inches  thick. 
A  1-inch  sandstone  parting,  21  inches  below  the  roof,  is  practically 
the  only  waste  in  the  bed.  The  Lower  Banner  coal  has  been  opened 
on  Laban  PhilUps's  place  (No.  22)  and  shows  4  feet  of  coal  underlain 
by  3  inches  of  clay  and  4  inches  of  bone.  In  the  Clinchfield  mine  No. 
2,  at  Dante,  on  the  other  side  of  Sandy  Ridge,  the  Lower  Banner  coal 
averages  about  3  J  feet  in  thickness.  A  pit  (No.  23)  opposite  the 
schoolhouse  near  the  mouth  of  Trammel  Creek  shows  the  Widow 
Kennedy  coal  7  feet  thick,  but  decreasing  rapidly  with  depth.  The 
record  of  a  diamond-drill  hole  150  feet  away  shows  only  1  foot  of  coal 
at  this  horizon. 

The  Grizzle  opening  (No.  24),  at  the  head  of  Open  Fork  of  McClure 
Creek,  shows  the  Upper  Banner  coal  nearly  7  feet  thick.  The  middle 
bench,  4  feet  thick,  can  be  profitably  mined,  leaving  8  inches  of  fire 
clay  and  1 1  inches  of  coal  in  the  floor  and  3  inches  of  coal  in  the  roof. 
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The  Milton  Carico  opening  (No.  25)  on  the  Upper  Banner  coal  at  the 
head  of  Middle  Fork  has  the  same  partings  as  the  Grizzle  opening, 
but  the  total  thickness  of  the  bed  is  less,  measuring  from  6  feet  3 
inches  to  6  feet  5  inches.  Three-fourths  of  a  mile  above  this  point  the 
Upper  Banner  is  less  than  5  feet  thick,  but  has  thinner  partings.  On 
Coon  Branch  of  Open  Fork  the  Rasnick  opening  (No.  26)  on  the 
Upper  Banner  coal  shows  a  9-foot  bed,  but  it  contains  a  35-inch  fire- 
clay parting.  The  Lower  Banner  coal  opened  farther  down  the 
branch  is  6  feet  thick,  with  30  inches  of  fire  clay  in  two  partings  of 
equal  thickness.  The  Widow  Kennedy  coal  is  reported  5  feet  thick 
near  the  mouth  of  this  branch.  Three  openings  (No.  27)  on  the 
Widow  Kennedy  coal  at  the  Rasnick  mill,  below  Nora  post-oflSce, 
show  a  bed  about  6  feet  thick,  but  the  disturbed  condition  of  the  coal 
makes  it  of  questionable  value. 

The  Upper  Banner  coal  has  been  opened  at  the  head  of  Caney  Creek 
on  Alec  Odle's  land  (No.  28)  by  a  drift  100  feet  long.  The  bed  is 
8  feet  10  inches  thick,  and  contains  a  number  of  very  thin  partings. 
At  Samuel  Horn's  place  on  the  head  of  this  creek  the  Upper  Banner 
has  the  same  number  of  thin  partings,  and  is  7  feet  5  inches  thick. 
The  Lower  Banner  coal  has  a  thickness  of  21  inches  in  this  vicinity. 

On  McClure  Creek,  just  above  the  mouth  of  Caney  Creek,  there  are 
three  openings  close  to  the  road,  showing  a  coal  bed  believed  to  be  the 
Widow  Kennedy,  which  ranges  in  thickness  from  2  feet  1  inch  to  5  feet. 

On  Squirrelcamp  Branch  there  are  five  openings  (No.  29)  on  the 
Upper  Banner  coal,  showing  a  range  in  thickness  from  4  feet  8  inches 
to  6  feet  9  inches.  The  thickest  bed  includes  15  inches  of  shale  near 
the  top. 

In  the  vicinity  of  Mill  Creek  the  Upper  Banner  coal  has  been  exten- 
sively prospected  and  wherever  found  the  bed  maintains  the  same 
character,  having  two  thin  fire-clay  partings  and  a  band  of  sandstone 
from  1  to  2  inches  thick.  Four  openings  on  the  W.  J.  Ring  tract, 
three  on  the  right  fork  of  Mill  Creek,  and  two  near  Eli  Wright*s  on 
Mill  Creek  (No.  30)  all  have  an  average  thickiiess  of  about  5  feet. 
The  partings  in  the  bed  are  so  small  as  to  offer  no  difficulty  in  the 
mining  of  this  coal. 

Below  the  mouth  of  Mill  Creek  there  is  an  opening  back  of  Paris 
CoUey's  house  (No.  31)  and  another  on  Low  Gap  Branch,  both  of 
which  show  the  same  three  thin  partings  in  a  bed  having  a  thickness 
of  a  little  over  5  feet.  So  far  as  learned,  there  are  no  coal  openings 
on  the  lower  5  miles  of  McClure  Oeek. 

CRANES  NEST  RIVER. 

The  most  extensive  prospecting  on  Cranes  Nest  River  is  at  the 
extreme  heads  of  Steele  and  Trac^  forks.     A  number  of  openings  have 
been  made  on  both  sides  of  these  forks,  and  the  position  and  char- 
acter of  the  Upper  Banner  coal  have  been  thoroughly  investigated. 
Wll— Boll.  31^-07 5 
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This  coal  Wd  for  the  most  part  is  in  two  benches  which  range  from 
1  to  2  feet  in  thickness,  separated  by  1  inch  of  sandstone,  the  average 
thickness  of  the  whole  l)ed  being  3  feet. 

Several  openings  on  the  right  side  of  Steele  Fork  apparently  have 
discovered  onlv  the  lower  bench  of  this  coal,  for  the  bed  measures 
less  than  2  feet  thick.  At  a  point  about  a  mile  and  a  quarter  above  the 
mouth  of  tlie  creek,  however,  a  prospect  shows  the  bed  9  feet  4  inches 
thick,  but  this  contains  5  feet  0  inches  of  shale  and  fire  clay  in  two 
benches,  making  it  nearly  worthless  for  mining. 

On  Trace  Fork  of  Cranes  Xest  River,  the  Upper  Banner  has  been 
opened  in  many  places,  and  shows  thicknesses  ranging  from  2  to 
4  feet.  A  sandstone  parting  1  inch  thick  is  found  in  all  the  openings 
about  one-third  of  the  distance  below  the  top  of  the  bed,  and  in  a  few 
places  1  inch  of  fire  clay  appears  within  a  few  inches  of  the  roof;  but 
these  two  thin  partings  were  the  only  ones  encountered. 

So  far  as  learned  there  is  only  one  o|>ening  on  Birchfield  Fork,  and 
aside  fn^m  this  opening  the  only  guide  to  the  thickness  of  the  coal 
beds  in  this  vicinity  is  an  average  section  of  the  coal  mined  at  Glamor- 
gan, on  the  oppiwite  side  of  the  ridge  from  the  head  of  Birchfield  Fork. 
In  this  mine  the  l>ed  averages  4  feet  (>  inches  in  thickness  and  contains 
two  verj-  thin  partings,  but  the  writer  was  not  able  to  correlate  it 
with  anvt>f  the  coals  s**en  in  Dickenson  ('iMUiiv.  On  Plummer  Branch, 
which  is  2  miles  above  the  moutli  of  Bin^hiield  Fork,  the  Upper  Banner 
coal  is  between  o  and  0  feet  thick. 

At  the  lieail  of  Lick  Creek.  4  miles  southwest  of  Clintwood,  the 
Cranes  Xest  Coal  ami  Coke  Company  o|>ened  a  coal  l>ed  which  proba- 
bly lies  on  top  of  tlie  Cdadeville  sandstone  ami  which  lias  a  consider- 
able thickness.  At  this  ojHming  (Xo.  S2>  the  beil  measures  10  feet 
o  inches  and  contains  only  o  inches  of  shale.  The  same  bed  has  been 
ojXMied  in  twii  pla<*es  on  the  heat!  of  Keel  Branch,  about  1  mile  from 
Clintwooil:  in  t»ne  place  it  is  t>  feet  .>  inches  thick  and  in  the  other 
10  feel  4  iiuhes.  There  is  very  little  waste  in  this  l>ed,  considering 
its  thirkness.  The  same  bet!  has  been  i>|HMied  on  Georges  Creek  and 
nr:ir  Clint wiMul.  ti»  su]>ply  the  Uval  dt^mand  for  fuel,  but  is  not  quite 
5.^  tiiit  k  :it  the  villaire  coal  banks  as  it  is  on  Ket^l  Branch. 

S'VtTiil  small  beds  ot  coal  have  Iuhmi  openeil  along  the  banks  of 
Cniii:  <  Xest  River  and  on  its  smaller  tributaries  between  Clintwood 
a:\']  :]'.%'  innutli  on  Pound  River,  The  Upper  Banner  coal  has  been 
rci'C:.izt'il  at  an  elevation  of  1(H>  to  2(H>  feet  above  the  creek.  It  is 
3  ftft  4  inolu's  tliick  where  opened  on  Holly  Crivk  i^Xo.  34),  1  mile 
ab' vi*  ilu'  niiuith.  and  nearly  4  feel  thick  on  Levi  Bart  ley  Branch 
X'».  ;>."i  .  Tin*  lla\\kin>  t»pt*nini:  iNo.  ;Ui\  on  the  right  of  Cranes 
Xf^!  River,  below  Xickels  lirt]>.  shows  the  I'pper  Banner  4  feet  1  inch 
tl.i.k.  witl^.  onlv  one  thin  pariiui:.  and  at  C.  Ci.  Rake's  (Xo.  37),  about 
a  mile  fariher  downstream,  tlie  same  i*i»al  is  4  feet  :>  inches  thick,  with 


BUSBELL   FORK    COAL   FIELD,    YIBGINIA.  65 

a  6-inch  clay  parting  about  2  feet  above  the  floor  and  two  or  three 
other  very  thin  shale  partings.  In  this  same  vicinity  on  Cranes 
Nest  River,  just  opposite  Delaney's  mill  (No.  38)  and  abo  opposite 
Delaney's  house,  the  Upper  Banner  coal  is  over  4  feet  thick.  It  has 
foiur  partings,  the  thickest  of  which  measures  three-fourths  of  an  inch. 
These  openings,  together  with  those  in  the  vicinity  of  Mill  Creek, 
on  McClure  Creek,  lead  to  the  assumption  that  the  Upper  Banner 
coal  is  fairly  profitable  for  mining  in  this  part  of  Big  Ridge,  which 
separates  the  two  streams.  The  bed  is  several  hundred  feet  below 
the  top  of  the  ridge  and  lies  in  a  body  several  miles  long,  averaging 
over  1  mile  wide. 

POUND   RIVER. 

No  coal  openings  were  found  on  North  Fork  of  Pound  River.  At 
the  head  of  South  Fork  Reuben  Boling  has  a  bank  (No.  39)  at  the 
water's  edge  which  shows  a  bed  4  feet  3  inches  thick,  including  a 
10-inch  seam  of  clay.  At  the  mouth  of  Fox  Gap  Hollow  there  is  a 
28-inch  coal,  and  near  Bond  Mill  a  2-foot  coal  is  reported.  Farther 
down  South  Fork,  at  Thurston  Banner's  (No.  40),  there  are  two  open- 
ings which  show  23  and  27  inches  of  coal,  and  at  the  mouth  of  Glady 
Fork  (No.  41)  there  is  a  3-foot  bed  without  partings.  At  the  mouth 
of  South  Fork  (No.  42)  openings  made  by  Milbum  Guillam  show  a 
bed  which  has  a  total  thickness  of  4  feet  4  inches.  This,  however, 
includes  a  12-inch  clay  seam  and  3  inches  of  bone. 

On  Indian  Creek  there  is  an  old  mine  belonging  to  the  Tidewater 
Company,  in  which  3  feet  4  inches  of  coal  is  visible,  but  water  covers  the 
bottom  of  the  pit.  Farther  downstream,  at  J.  H.  Blair's  (No.  43),  a 
bed  has  been  opened  which  is  reported  to  be  5  feet  thick,  including  one 
8-inch  parting.  This  is  about  2  miles  above  the  mouth  of  the  creek. 
At  the  mouth  a  16-inch  coal  is  exposed  near  the  road. 

At  the  head  of  Dotson  Fork  of  Bowlecamp  Creek  an  opening  on  the 
George  L.  Baker  place  shows  a  bed  of  coal  8  feet  3  inches  thick.  The 
upper  5  feet  of  this  bed  is  clean  solid  coal.  Near  the  forks  of  McFalls 
Fork  (No.  44),  a  coal  reported  to  be  6  feet  6  inches  thick  is  exposed  in 
the  bed  of  the  creek,  and  on-flamilton  Fork  a  pit  back  of  Grant 
Mead's  house  (No.  45)  has  been  opened  on  a  coal  bed  which  measures 
4  feet  8  inches  and  contains  one  clay  parting  6  inches  thick. 

A  little  over  half  a  mile  above  the  mouth  of  (Jeorges  Creek  an  opening 
(No.  46)  at  water  level  on  the  right-hand  fork,  made  by  John  Trivitt, 
reveab  a  4-foot  coal  containing  8  inches  of  clay  in  two  partings. 
About  a  mile  above  the  mouth,  on  the  main  creek,  at  J.  C.  Willis's 
(No.  47),  this  same  coal  is  reported  to  be  2  feet  7  inches  thick. 

Near  the  head  of  Georges  Creek,  the  coal  which  lies  above  the  Glade- 
ville  sandstone  and  which  has  a  considerable  thickness  on  the  head  of 
Keel  Branch  and  Lick  Creek,  tributaries  of  Cranes  Nest  River,  has  been 
prospected  at  several  points  and  found  to  have  considerable  thickness. 
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At  Samuel  Elkins's  (No.  48)  this  coal  bed  measures  5  feet  10  inches, 
and  at  Baumgardner's  (No.  49),  a  little  farther  up  the  creek,  9  feet  8 
inches.  At  the  latter  point  it  contains  16  inches  of  waste.  The 
thickest  section  of  this  bed  known  to  the  writer  is  the  Manuel  Mullens 
opening  (No.  50),  three-fourths  of  a  mile  below  Baumgardner's, 
where  the  thickness  is  11  feet  3  inches,  including  an  aggregate  of  13 
inches  of  waste  in  five  partings. 

Very  few  exposures  of  coal  were  seen  on  Pound  River  below  the 
mouth  of  Qeorges  Creek.  There  is  a  1 6-inch  bed  of  coal  at  the  spring 
.30  feet  below  Nickels  Gap  (No.  51),  and  a  l&-inch  be^  in  the  bank  of 
Pound  River  directly  below  Nickels  Gap. 

In  a  hollow  on  the  left  of  Pound  River,  2  miles  above  the  mouth  of 
Cranes  Nest  River,  at  J.  Sypherd's,  a  small  pit  reveals  a  coal  bed 
pn>bably  just  below  the  Gladeville  sandstone,  which  has  a  thickness  of 
5  feet  2  inches  and  contains  1 1  inches  of  clay  in  two  partings. 

Coal  was  seen  in  two  or  three  places  on  the  right  of  Pound  River  on 
the  flank  of  Pine  Mountain,  but  in  no  case  is  the  outcrop  of  commercial 
importance,  the  thickest  being  a  20-inch  coal  fountl  about  50  feet 
lielow  the  top  of  the  Ijee  conglomerate,  on  one  of  the  forks  of  Skeet 
R<K^k  Branch. 

QUALITY  OF  THE  COALS. 
The  foUowinfj  16  analyses  of  coal  from  the  Russell  Fork  basin  in  Vir- 
ginia are  fn>ra  private  reports,  and  show  the  chemical  character  of  the 
principal  coal  l>eds  in  this  field.  The  averf^  of  these  analyses  is  29 
per  (TUt  volatile  matter,  63  per  cent  fixed  carbon,  less  than  1  per  cent 
moisture,  alnrnt  6  per  cent  ash,  and  0.015  per  cent  phosphorus.  The 
quality  of  the  coals  in  thLs  field  is  equivalent  to  that  of  the  Pittsbui^ 
coking  coal. 

Analyiti  "/  hituminou*  coalu  from  Dwkemon  Cmiiiiy,  Va. 
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COKE. 

The  coab  of  this  field  duplicate  in  physical  properties  and  chemical 
composition  the  coking  coab  on  Toms  Creek,  and  it  is  believed  that 
for  the  most  part  they  will  be  found  to  be  good  coking  coab. 

Car  samples  of  the  Clintwood  coal  taken  from  the  Beverley  opening 
(No.  53)  on  Honeycamp  Branch  and  shipped  to  Chattanooga  and 
Connelbville  made  coke  of  the  following  character,  according  to  a 
private  report  of  F.  A.  Stratton : 

AncUyses  of  Dickenson  County  cohe. 
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P.  D.  Langdon. 

SUMMARY. 

The  evidence  in  the  foregoing  descriptions  shows  conclusively  that 
the  area  between  Sandy  Ridge  and  Pound  River  is  a  valuable  field 
of  bituminous  coal,  in  all  parts  of  which  there  b  at  least  one  coal  bed 
of  minable  dimensions.  Doubtless  further  prospecting  will  reveal 
two  or  more  coal  beds  of  workable  thickness  above  drainage  level  in 
many  parts  of  the  field.  It  b  shown  in  the  above  notes  that  a  coal 
bed  having  an  average  thickness  of  8  feet  b  commercially  minable 
around  the  head  of  Russell  Fork;  that  the  Upper  Banner  coal,  aver- 
aging 4  feet  in  thickness,  b  present  tlu-oughout  a  great  part  of  tlie 
region;  and  that  a  bed  approximating  7  feet  in  thickness  underlies 
a  small  area  near  Clintwood.  There  b  no  known  coal  of  value  between 
Pound  River  and  the  crest  of  Pine  Moimtain.  The  chemical  analyses 
show  that  these  are  high-grade  bituminous  coals  and  have  only  small 
percentages  of  impurities.  There  is  evidence  that  some  if  not  all  of 
these  coab  will  coke. 


COAL  MINING  AT  DANTE,  VA. 


By  Ralph  W.  Stone. 


INTRODUCTION. 

Early  in  October,  1906,  while  making  a  reconnaissance  survey  of 
Dickenson  County,  Va.,  the  writer  was  detained  for  a  few  days  at 
Flint  Gap  on  Sandy  Ridge,  2  miles  from  the  coal  mines  at  Dante. 
The  notes  on  which  this  paper  is  based  were  made  at  that  time. 

Dante,  formerly  known  as  Turkey  Foot,  is  at  the  forks  of  Lick 
Creek,  in  the  west  comer  of  Russell  County,  Va.,  at  the  foot  of  the 
eastern  slope  of  Sandy  Ridge  below  Trammel  Gap.  It  is  near  the 
north  edge  of  the  Bristol  quadrangle,  about  8  miles  from  Fink  and 
St.  Paul  on  the  Norfolk  and  Western  Railway,  and  is  connected  with 
Fink  by  a  branch  line  known  as  the  liick  Creek  and  Lake  Erie  Rail- 
road, which  is  a  part  of  the  South  and  Western  Railway.  This  gives 
an  outlet  for  the  coal  to  markets  north,  east,  and  south.  Dante  is 
10  miles  east  of  Toms  Creek,  where  there  are  large  coal  mines  and 
banks  of  coke  ovens.  A  number  of  small  mines  are  operating  between 
these  places. 

Dante  is  in  a  mountainous  country,  its  elevation  above  sea  level 
being  1 ,770  feet,  and  the  top  of  Sandy  Ridge,  2  or  3  miles  distant,  aver- 
aging 3,000  feet.  The  hill  slopes  arc  steep  and  the  ridges  and  valleys 
are  narrow. 

GEOI.OGY. 

STRATIGRAPHY. 

The  east  edge  of  the  coal  field  of  Virginia  is  marked  by  a  great  fault 
which  extends  for  many  miles  in  a  northeast-southwest  direction 
across  this  part  of  the  State.  This  fault  brings  Silurian  limestone 
up  above  Carboniferous  rocks.  At  Fink  the  limestone  is  seen  abut- 
ting the  overturned  edge  of  the  Jjee  conglomerate,  which  lies  strati- 
grapliically  next  below  the  coal-bearing  formation.  Dante  is  7  miles 
west  of  this  fault. 

According  to  M.  R.  Campbell,"  the  Lee  conglomerate  lies  nearly 
flat  beyond  the  zone  of  disturbance,  at  the  fault,  perhaps  dipping 
slightly  westward,  and  should  be  barely  300  feet  below  the  sur- 

o Geologic  Atlaa  U.  8..  Bristol  folio  (No.  59),  U.  S.  Qeol.  Survey,  lg99. 
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face  at  Dante.  A  diamond>drill  hole  near  the  Dante  schoolhouse 
encountered  massive  sandstone  257  feet  below  the  surface,  and  con- 
glomerate carrying  small  quartz  pebbles  at  a  depth  of  299  feet. 
These  appeared  to  the  writer  to  be  the  same  as  the  rocks  seen  at  the 
top  of  the  Lee  formation  in  Pine  Mountain,  and  to  sustain  CampbelFs 
interpretation  of  the  structure. 

Above  the  Lee,  and  forming  all  of  the  surface  in  the  vicinity  of 
Dante,  is  the  coal-bearing  series  of  rocks  known  as  the  Norton  forma- 
tion. According  to  Campbell,  this  formation  at  Big  Stone  Gap  is 
1,280  feet  thick  and  is  overlain  by  the  Gladeville  sandstone,  a  coarse- 
grained, massive  bed  100  feet  thick.  This  sandstone  is  found  near 
the  top  of  Sandy  Ridge,  the  highest  points  of  which  are  occupied  by 
the  Wise  formation,  another  series  of  sandstones  and  shales  carrying 
a  few  beds  of  coal. 

If  the  writer's  interpretation  of  the  top  of  the  Lee  in  the  above- 
mentioned  drill  hole  is  correct,  there  is  a  60-foot  bed  of  massive  gray 
sandstone  near  the  base  of  the  Norton  formation,  or  190  feet  below 
creek  level.  Two  coal  beds  in  the  lower  part  of  the  formation  were 
found  in  the  midst  of  thin-bedded  sandstone  and  shales  within  150 
feet  of  the  surface. 

A  coal  bed  about  18  inches  thick  outcrops  just  above  the  creek  at 
Dante,  and  the  Widow  Kennedy  coal  is  196  feet  above  water  at  the 
forks.  The  position  of  this  coal  is  about  400  feet  above  the  conglom- 
erate and  125  feet  above  the  18-inch  coal.  It  is  succeeded  by  240 
feet  of  sandstones  and  shales,  above  which  lies  the  Lower  Banner 
coal,  and  100  feet  higher  the  Upper  Banner  coal.  Just  below  Tram- 
mel Gap,  or  250  feet  above  the  Upper  Banner,  the  bloom  of  a  small 
coal  occurs  in  the  road  at  the  base  of  a  sandstone  carrying  white  quartz 
pebbles.  This  may  be  the  Gladeville  sandstone.  If  so,  the  thickness 
of  the  Norton  formation  at  this  place  is  about  1,060  feet.  From  the 
gap  to  the  top  of  Sandy  Ridge  the  section  is  made  up  of  sandstones 
and  shales,  with  possibly  two  or  three  thin  coal  beds.  Blocks  of 
massive  gray  sandstone  were  seen  at  the  top  of  the  ridge  and  if  these 
represent  the  Gladeville  the  thickness  of  the  Norton  formation  is  close 
to  1,300  feet. 

STRUCTURE. 

The  rocks  in  this  field  have  a  fairly  regular  dip  to  the  northwest  at 
a  low  angle.  This  rather  hinders  natural  drainage  of  the  mines  until 
they  have  been  cut  through  to  the  far  side  of  the  hill. 

COAIi  RESOURCES. 

Introduction. — ^All  mining  at  Dante  is  being  done  by  the  Clinchfield 
Coal  Corporation,  of  Johnson  City,  Tenn.  At  this  company's  plant, 
which  is  known  as  the  Clinchfield  colliery,  three  beds  are  being  worked 
by  four  mines,  as  follows:  Widow  Kennedy  coal,  mines  Nos.  1  and  4; 
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Lower  Banner  coal,  mine  No.  2;  Upper  Banner  coal,  mine  No.  3. 
The  Widow  Kennedy  mines  are  at  the  foot  of  the  Trammel  Gap  road 
on  opposite  sidea  of  the  creek,  half  a  mite  above  Dant«.  Farther  up 
on  the  left  is  the  Lower  Banner  mine,  and  the  Upper  Banner  is  worked 
from  several  entries  at  the  head  of  the  creek.  A  brief  description 
of  these  coal  beds  as  found  in  each  of  the  mines  is  given  below. 

Widow    Kennedy  cod,  mine   No.   1. — The  Widow  Kennedy  coal 
outcrops  nearly  200  feet  above  the  creek  at  Dante,  but  the  steep  grade 


of  the  stream  and  the  opposing  dip  of  the  i^oal  bring  it  somewhat 
nearer  creek  level  at  the  point  where  it  is  mined.  This  is  a  curious 
bed,  showing  abrupt  variations  in  thickness  and  character.  In  mine 
No.  1,  which  covers  15  or  20  acres  on  the  left  of  the  creek,  the  bed 
averages  7  feet  in  thickness,  but  in  one  hea<ling  it  pinches  out  entirely 
and  at  other  points  it  is  from  12  to  14  feet  thick.  In  parts  of  the  mine 
it  shows  from  4  to  6  feet  of  clean  coal  without  apparent  bedding  or 
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cleavage.  This  condition;  however,  is  not  persistent,  for  a  peculiarity 
of  the  Widow  Kennedy  coal  is  that  in  many  places  it  is  crushed,  and 
slickensided  as  if  it  had  been  subjected  to  squeezing  and  lateral 
movement.  Slick  faces  dipping  in  all  directions  are  encountered  and 
streaks  and  balls  of  clay  are  included  in  the  coal  bed.  The  coal 
under  these  conditions  is  laminated  or  flaky,  and  the  thin  layers  of 
clay  in  it  show  the  movement  by  their  curved  and  contorted  outline. 
One  heading  in  this  mine  passes  through  20  feet  of  alternate  thin  layers 
of  coal  and  clay  standing  vertical.  Much  of  the  badly  shattered  coal 
is  so  dirty  as  to  be  unmarketable,  but  in  some  places  the  clay  balls 
are  so  easily  separated  that  the  coal  can  be  cleaned  by  hand. 

The  floor  in  mine  No.  1  is  sandstone,  and  the  roof  is  also,  but  is 
separated  from  the  coal  in  places  by  a  foot  or  less  of  draw  slate.  The 
roof  holds  well.  Here  and  there  thin  lenses  of  sandstone  separate  1 
inch  or  2  inches  of  flat  coal  next  the  roof  from  the  top  of  the  main  bed. 

Widow  Kennedy  coal,  mine  No,  4- — ^  mine  No.  4  on  the  opposite 
side  of  the  creek  the  average  thickness  of  the  Widow  Kennedy  coal 
is  from  3  to  3J  feet.  The  coal  is  not  badly  crushed,  but  the  top  2 
inches  is  dirty  and  lies  in  thin  flat  plates  or  layers.  Throughout  the 
mine  the  floor  is  sandstone,  which  is  fairly  regular  with  only  minor 
unevennesses  like  ripple  marks.  Draw  slate  usually  separates  the 
coal  from  the  sandstone  in  the  roof.  This  draw  slate,  however,  is  of 
variable  thickness,  ranging  from  a  few  inches  up  to  4  feet.  In  room 
No.  2  off  the  main  heading,  within  a  distance  of  65  feet,  the  draw  slate 
pinches  down  from  2  feet  until  the  sandstone  rests  upon  the  coal.  A 
thin  layer  of  plastic  clay  lies  between  the  coal  and  the  roof. 

The  main  heading  in  mine  No.  4  shows  6  feet  of  coal  with  two  diag- 
onal clay  streaks  and  1  foot  of  draw  slate.  About  300  feet  farther 
in  the  draw  slate  thickens  to  nearly  4  feet  and  the  coal  thins  to  2  feet, 
the  upper  half  of  which  is  soft,  dirty,  laminated  coal,  or  '^rash.''  In 
room  No.  2  from  the  main  heading  there  is  from  6  to  7  feet  of  solid 
coal  with  almost  no  clay  balls,  but  the  top  2  inches  in  spots  is  lam- 
inated. The  face  of  No.  6  right  crosscut  shows  50  inches  of  coal  with 
two  diagonal  or  inclined  clay  streaks  1  inch  thick.  In  one  place  the 
upper  10  inches  of  the  coal  is  contorted  and  so  mashed  that  it  breaks 
to  slack  when  mined.  In  the  face  of  No.  5  crosscut  the  bed  has  a 
hard  draw-slate  roof  and  a  sandstone  floor;  it  is  4  feet  thick  but  con- 
tains 6  inches  of  clay  about  a  foot  above  the  floor.  In  crosscut  No.  4 
the  face  of  room  1  shows  4  feet  to  4  feet  2  inches  of  coal  with  2  inches 
of  clay  between  coal  and  draw  slate.  The  coal  here  is  free  from  dirt 
and  fairly  hard,  but  it  contains  some  soft  crushed  streaks  and  diagonal 
cleavage.  In  room  No.  2  of  the  same  crosscut  there  is  5  feet  of  solid 
coal  with  2  inches  of  clay  on  top.  Room  No.  3  has  3  feet  4  inches 
of  coal,  with  one-half  inch  of  clay  between  it  and  the  draw  slate,  which 
is  6  inches  thick.    Much  of  this  coal  shows  hard  slick  faces  that 
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appear  to  have  been  produced  by  movement  in  the  bed.  The  writer 
took  a  sample  of  the  entire  bed  in  No.  2  crossheading,  where  there 
is  3  feet  9  inches  of  solid  coal.  The  analysis  is  given  with  others  on 
page  74. 

Lower  Banner  coaly  mine  No,  2, — ^The  Lower  Banner  bed  is  worked 
at  what  is  known  as  mine  No.  2,  on  the  left  of  the  creek,  200  yards 
north  of  mine  No.  1.  The  thickness  of  the  bed  averages  from  3  to  3^ 
feet  in  the  main  heading,  but  increases  toward  the  outcrop  on  the 
far  side  of  the  hill.  This  heading  has  been  driven  through  for  drain- 
age. In  the  furnace  heading  the  coal  measures  6  feet  2  inches,  but 
thins  to  5  feet  10  inches  farther  under  the  hill.  A  sample,  the  analysis 
of  which  is  given  on  page  74,  was  taken  in  room  No.  4  off  the  left 
entry,  where  the  section  is  as  follows: 

Section  of  Lower  Banner  eoal  in  mine  Ao.  i?,  Dante ^  Va, 

Tncheg. 

Coal,  alternate  bright  and  dull  ])andf« 19 

Coal,  laminated 3 

Coal,  solid 17 

Fire  clay 6 

Coal,  bright 2 

47 

The  fire  clay  and  bottom  coal  were  not  included  in  this  sample. 

In  the  face  of  the  third  left  heading  and  of  a  cross  entry  the  fol- 
lowing sections  were  measured  between  the  shale  roof  and  the  clay 
floor: 

Sections  of  Lower  Banner  coal  in  mine  iVo.  2,  Dante,  Va. 


Coal 1 

Born*  or  rash ^Minod 

Coal 

Coal,  sticks  to  clay 

Firo  clay 

Coal 

Fire  cUiy 

Coal 


•I^>ft  indoor. 


Inches. 

24 

1 

IS 
1 
1 
2 
A 
2 


Ctom 
entry. 


Inchet. 
4 
2 
20 
1 
2 
3 


A5 


32 


The  bed  is  mined  down  to  the  1  inch  of  coal  which  is  left  on  top 
of  the  fire  clay.  In  one  heading  the  bed  thins  down  to  18  inches  of 
coal,  with  a  thin  laminated  streak  4  inches  from  the  top,  then  to  a 
minimum  of  16  inches  of  solid  coal.  Beyond  this  point  the  solid 
coal  increases  to  17  inches,  with  10  inches  of  laminated  coal  on  top, 
and  farther  on  IJ  inches  of  good  coal  appear  above  the  laminated. 
Upper  Banner  coal,  mine  No.  3. — The  Upper  Banner  coal  has  been 
mined  more  extensively  than  either  of  the  others.     The  entries,  of 
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which  there  are  nine,  are  at  the  head  of  the  creek  under  Trammel 
Gap  and  around  to  the  right  of  the  head.  Mine  No.  3  is  working 
on  a  1,160-acre  tract.  The  main  tunnel,  when  completed,  will  be 
about  3,200  feet  long  and  No.  2  crosscut  about  2,400  feet.  The  coal 
averages  5  feet  in  thickness,  with  more  at  5  feet  6  inches  or  5  feet  10 
inches  than  at  4  feet.  Draw  slate  from  6  to  10  inches  thick  lies  on 
top  of  the  coal  and  becomes  plastic  when  wet.  This  is  usually  over- 
lain by  1  inch  to  6  inches  of  coal,  which  hangs  to  the  sandstone  roof. 
In  some  places  the  sandstone  cuts  out  the  draw  slate,  and  where 
this  hapj)ens  the  coal  bed  is  thin.  The  slate  floor  is  from  4  to  19 
inches  thick,  over  sandstone. 

The  following  sections  were  measured  at  different  points  in  the 
mine : 

Sectioru  of  Upper  Bamxer  coal  in  mine  No.  .J,  Danle^  Va. 

[Inches.] 


Coal I  21  22        23 

Sandstone 1  1  1        1^ 

Coal '  10  10  i      10 


Shale,  gritty i  \ 

Coal i  30 


62} 


33  !      30 


I 


66i 


714 


At  No.  9  opening  a  10-inch  coal  bed  lies  7  feet  below  the  Upper 
Banner.     The  intervening  rocks  are  sandstone  and  shale. 

In  a  part  of  mine  No.  3  known  as  Hylton  No.  1  a  sandstone  lens 
cuts  the  coal  down  to  16  inches.  This  sandstone,  however,  does  not 
show  in  Hylton  No.  2,  about  60  feet  away.  In  the  left  butt  entries 
off  the  main  timnel  the  floor  dips  about  10  feet  in  60  feet,  then  rises 
again,  making  a  sag  in  which  water  collects.  In  one  entry  the  water 
touches  the  roof. 

A  sample  of  the  Upper  Banner  was  taken  at  butt  entry  No.  6,  off 
the  main  gangway,  where  the  section  of  the  bed  is  as  follows: 

Section  oj  Upper  Banner  coal  in  mine  No.  3,  Danle^  Va. 

Sandstone  roof.  inches. 

Draw  slate 8 

Coal , 22 

Sandstone 1 

.  Coal .^ 10 

Shale,  gritty } 

Coal 24 

Fluting. 

Coal 5 

Shale  floor.  

70i 

The  24-inch  bench  contains  4  inches  of  dull,  hard  splint  coal. 
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AXAJA'8ES. 

Samples  of  these  three  coals  were  taken  by  the  writer.  Each 
sample  was  crushed  and  quartered  in  the  mine  and  sealed  in  an  air- 
tight can.  They  were  anah'zed  at  the  fuel-testing  plant  of  the  United 
States  Geological  Survey  at  St.  Louis  as  received,  without  loss  of 
moisture.  These  analvses  have  been  recalculated  on  an  air-dried 
basis  to  give  analyses  representing  the  condition  of  the  coals  as 
delivered  to  the  consumer  and  to  make  tliem  more  readily  compara- 
ble with  analyses  of  otiier  coals  made  from  air-dried  samples. 

Analyst*  ofcnah  miruil  at  Dantf,  Va. 
[F.  M.  Stanton,  analyst.] 


Labomtoiy  No 3M7 


LoM  of  nioi5tuiv  on  air  drying. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 


Sulphur 

Recalculated  on  air-dried  Ivfisis: 

Moist  urp 

Volatile  matter 

Fixed  carlxm 

Ash 

Sulphur 


Widow 

Lower 

Upper 

Kennedy. 

Banner. 

Banner. 

3M7. 

4057. 

3042. 

aso 

1.8D 

1.30 

1.00 

2.79 

S.35 

31.54 

32.11 

32.40 

60.87 

50i30 

57.92 

5l» 

5l80 

7.32 

1.47 

.84 

.06 

1.11 

1.01 

1.07 

31.79 

32.70 

32.83 

til.  36 

flaSB 

58.68 

5i74 

SlOO 

7.42 

1.48 

.85 

.67 

^Vnalvses  of  the  Widow  Kennedv  and  Ijower  Banner  coals  at  the 
Dante  mines,  furnished  by  the  Clinchtield  Coal  Corporation,  are  as 
follows: 

Anah**'*  of  t^iwh  mimd  at  iHintf,  Vn. 


Widow  Kennedy. 


Ix>wvr 


lfoi!>turv 

Volalilo  matter 

l-ixi*-!  oarSiii 

Ash 

SiUphur 


o«o 

."«  46 

W36 

4.38 

1  12 


a85 

3525 

5&14 

5.78 

1.13 


aw 

37.61 

5B.fiS 

5i82 


These  results  show  that  thev  an*  all  hiirh-jrrade  bituminous  coals. 
Tlie  sample  of  the  Widow  Kenneily  coal  taken  hy  the  writer  repre- 
sents that  bed  in  its  best  condition,  and  the  low  percentage  of  ash 
in  the  other  analyses  i>f  the  Widow  Kennedy  Ci>al  suggests  that  the 
samples  were  taken  at  particularly  favorable  points.  A  sample 
including  the  onished  or  laminated  coal,  called  **rash"  at  Dante, 
which  is  so  ci>mmon  in  this  bed.  probably  would  show  a  much  higher 
percentain*  of  ash.  The  sulphur  content  is  so  low  as  to  be  unobjection- 
able. 

It  is  presumed  that  thest^  coals  wouUI  make  a  liigh-grade  coke,  far 
the  coal  mined  from  the  same  beds  at  Toms  Cnn^k  is  coked  success- 
fullv  on  a  larire  .<cale.  The  Dante  and  Toms  Creek  coals  are  identical 
in  physical  structure  and  chemical  character. 
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MKTIIOD  OF  MINING. 

The  room  and. pillar  method  of  mining  is  used  at  Dante — ^in  the  old 
workings  rooms  24  feet  wide  with  50-foot  centers,  and  more  recently 
30-foot  rooms  with  60-foot  centers.  Practically  all  the  mining  is  pick 
work,  a&d  the  coal  is  shot  from  the  solid.  Two  Goodman  electric 
underciitting  machines  have  been  used  in  mine  No.  3  since  September, 
1906.    ^i 

At  mines  Nos.  1,  2,  and  4  all  haulage  is  done  by  mules.  Cars  are 
lowered  from  the  mines  by  a  gravity  incline  to  tipples  on  the  railroad. 
At  mine  No.  3  cars  are  gathered  and  hauled  out  by  mules  in  all 
entries  west  of  No.  5.  At  entry  No.  5  and  those  farther  east  this  work 
is  done  by  motors.  Five  4-ton  gathering  motors  are  in  use,  besides 
which  there  are  one  20-ton,  one  15-ton,  and  one  8-ton  motor.  These 
are  all  the  Goodman  type  of  motor,  except  the  8-ton,  which  is  a 
Jeffrey.  The  trips  of  mine  cars  are  hauled  by  a  small  steam  loco- 
motive about  a  mile  along  the  mountain  side  to  a  gravity  incline  which 
connects  with  a  tipple  300  feet  below. 

A  rack  rail  electric-motor  system  is  being  installed  between  the 
main  gangway  of  mine  No.  3  and  a  new  tipple  which  is  to  serve  mines 
Nos.  3  and  4.  When  the  new  tipple  is  completed  the  Upper  Banner 
coal  will  be  shipped  as  mine-run,  and  the  Widow  Kennedy  from 
mine  No.  4  will  be  screened  for  slack  and  lump.  The  coal  from  mines 
Nos.  1  and  2  is  screened  now,  but  is  only  a  small  part  of  the  output 
because  there  are  only  10  or  12  miners  working  in  the  two  mines. 

Ventilation  is  by  furnace  in  mines  Nos.  1,  2,  and  4,  and  in  entries 
1,2,  and  3  of  mine  No.  3.  The  remainder  of  mine  No.  3  is  ventilated 
by  a  12-foot  suction  fan. 

Natural  drainage  is  obtained  in  mines  Nos.  1  and  2,  which  are 
driven  down  the  dip  to  the  outcrop  on  the  far  side  of  the  ridge.  Mine 
No.  4  is  skillfully  managed  and  drains  out  the  main  entry.  No.  3  can 
not  have  natural  drainage  until  it  is  driven  through  to  Trammel  Creek. 
Then,  on  account  of  rolls  or  sags,  it  may  be  necessary  to  do  some 
ditching.  At  present  the  water  is  hand  pumped,  siphoned,  and  bailed 
onto  cars.  Two  electric  centrifugal  pumps  will  soon  be  installed  at 
this  mine. 

MARKICT. 

Most  of  the  output  of  the  mines  at  Dante  goes  to  the  Atlantic  Coast 
Line  and  the  Southern  Railway  for  railroad  use.  Some  of  the  Widow 
Kennedy  coal  is  used  for  domestic  purposes.  The  Clinchfield  colliery 
produces  about  15,000  tons  of  coal  a  month,  and  the  output  is  being 
slowly  ihcreaaed. 


THE  NORTHERN  PART  OF  THE  CAHABA  COAL  FIELD, 

ALABAMA. 


By  Charles  Butts. 


rNTRODUCnON. 

The  Cahaba  coal  field,  named  from  Cahaba  River,  has  been  studied 
for  many  years  by  Joseph  Squire,  whose  excellent  report,  with  detailed 
map,  was  published  by  the  Geological  Survey  of  Alabama  in  1890. 
This  report  has  been  a  valuable  guide  to  the  field,  and,  although  the 
present  results  differ  in  some  particulars  from  those  published  by  Mr. 
Squire,  the  writer  testifies  to  the  general  worth  of  his  report  and 
acknowledges  indebtedness  to  it  for  much  information.  Much  help 
has  been  derived  from  other  sources  also.  Mr.  W.  B.  Allen,  of  the 
Tennessee  Coal,  Iron  and  Railroad  Company,  kindly  furnished  maps 
of  parts  of  the  field,  showing  coal  outcrops  and  locations  of  prospect 
pits,  which  were  of  great  assistance,  and  many  others  contributed 
information.     All  such  help  is  gratefully  acknowledged. 

The  survey  on  which  the  present  report  is  based  was  made  in  1906 
by  Mr.  Chester  W.  Washbume,  Dr.  William  F.  Prouty,  assistant  State 
geologist  of  Alabama,  and  the  writer.  To  the  loyal  and  efficient  assist- 
ance of  Messrs.  Washbume  and  Prouty  is  due  much  of  whatever  value 
this  report  may  possess.  Mr.  T.  E.  Williard  also  rendered  valuable 
aid  by  his  collection  of  fossil  plants. 

The  geolog}^  of  the  Cahaba  field  is  rather  difficult,  and,  especially 
in  the  southern  half  of  the  area  here  included,  there  are  obscure  and 
still  unsolved  problems  of  stratigraphy  and  structure  which  it  is 
hoped  will  be  cleared  up  by  further  study.  This  report  and  the 
accompanying  map  are  therefore  provisional  only  and  subject  to 
change  in  a  more  complete  and  final  report  to  be  made  at  a  later  date. 

TX)CATIOX  AND  EXTENT. 

The  Cahaba  coal  field  is  relatively  long  and  narrow  and  trends  N. 
45°  E.  The  part  under  discussion  lies  in  general  along  the  boundary 
lines  between  Jeff'erson  County  on  the  northwest  and  Shelby  and  St. 
Clair  count  ies  on  the  sout heavst.  (See  PI.  V,  p.  80.)  Its  length  is  about 
40  niilos,  its  greatest  width  nearly  6  miles,  and  its  least  width  a  little 
more  than  3  miles.     Its  total  area  is  150  square  miles. 

TOPOGRAPHY. 

SURFACE  RELIEF. 

The  altitude  of  the  area  mapped  ranges  from  360  feet  above  the 
sea  on  Cahaba  River  at  its  southern  margin  to  1,100  feet  on  the  crest 
of  Shades  Mountain  near  Oxmoor.     The  most  salient  features  of  the 
76 
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surface  are  the  long  parallel  ridges  following  the  general  direction  of 
the  field.  At  intervals  the  continuity  of  these  ridges  is  broken  by 
transverse  valleys  that  have  been  eroded  by  streams  finding  an  outlet 
in  Cahaba  River,  which  flows  along  the  middle  of  the  field.  As  is 
shown  in  the  section  on  structure  (pp.  80-82),  this  conspicuous  linear 
and  parallel  arrangement  of  the  ridges  and  valleys  is  an  expression  of 
the  character  and  attitude  of  the  rocks  underlying  the  surface. 

DRAINAGE. 

Cahaba  River,  the  main  stream,  follows  the  middle  of  the  field  for 
nearly  its  whole  length  and  receives  the  waters  from  both  sides 
through  the  generally  small  lateral  streams.  Shades  Creek  is  a  good- 
sized  stream  flowing  parallel  to  the  west  side  of  the  area,  from  which 
it  receives  a  few  small  tribijtaries. 

ACCESSIBIIilTY. 

The  transverse  streams,  as  well  as  the  Cahaba  itself,  have  cut  deep 
gaps  through  the  ridges  at  many  points,  and  at  other  points  there  are 
low  wind  gaps  through  which  shallow  cutting  only  is  needed  for  rail- 
road construction.  The  valley  of  Stinking  Creek  through  Blackjack 
Ridge,  followed  by  the  Seaboard  Air  Line  Railway,  and  that  of  Abes 
Creek  through  Blackjack,  Grassy,  and  Chestnut  ridges,  followed  by 
the  Southern  and  the  Central  of  Georgia  railways,  are  examples  of 
the  stream-cut  gaps.  The  low  place  in  Shades  Mountain,  known  as 
Brock  Gap,  followed  by  the  Louisville  and  Nashville  Railroad,  and 
that  through  the  same  ridge  2  miles  farther  south,  known  as  Genery 
Gap,  crossed  by  the  Southern  Railway,  are  wind  gaps.  The  longi- 
tudinal valleys  separating  the  ridges  offer  easy  access  to  the  mines 
by  spurs  from  the  main  lines  of  railroads  which  cross  the  field.  The 
spur  of  the  Central  of  Georgia  Railway  that  leaves  the  main  line  at 
Henryellen  and  runs  northward  along  the  outcrop,  first  of  the  Mam- 
moth bed  and  then  of  the  Harkness  bed,  to  the  Margaret  mine,  which 
is  beyond  the  limits  of  the  area  mapped,  is  an  example  of  the  possi- 
bilities of  railroad  building  to  points  favorable  for  opening  the  various 
coal  beds. 

GEOIiOGY. 

STRATIGRAPHY. 

The  rocks  of  this  coal  field  are  shale  and  sandstone,  interstratified 
with  beds  of  coal.  They  are  of  Pottsville  age  and  constitute  the 
lower  subdivision  of  the  rocks  known  as  the  Pennsylvanian  series. 

In  the  Birmingham  district  there  is  doubt  as  to  what  shall  be 
regarded  as  the  lower  limit  of  the  Pennsylvanian  series.  Mr.  Squire, 
in  the  cross  sections  accompanying  his  report  on  the  Cahaba  field, 
has  placed  the  bottom  of  the  *'Coal  Measures"  200  to  400  feet  below 
the  Brock  coal  bed,  and  that  limit  appears  to  have  the  sanction  of 
the  Alabama  Geological  Survey.  It  has  been  the  custom  of  the 
geologists  of  the  United  States  Geological  Survey,  however,  to  eietend 
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the  lower  limit  of  the  Pennsylvanian  series  downward  to  the  top  of  the 
Bangor  Umestone,  but,  for  the  reasons  stated  below^  that  ciistom  is 
not  warranted  in  this  region.  Along  the  west  side  of  the  Cahaba 
field  there  are,  between  the  Brock  coal  bed  and  the  Bangor  limestone 
or  equivalent  horizon,  1,200  to  2,200  feet  of  gray  shale  and  sandstone 
which  are  apparently  identical  in  character  with  the  coal-bearing 
rocks.  A  very  few  fossils  have  been  collected  from  these  rocks,  how- 
ever, that  have  Mississippian  affinities  and  indicate  the  ''Lower  Car- 
boniferous'' age  of  the  beds.  These  rocks  are  a  lithologic  unit  and, 
in  the  writer's  judgment,  should  not  be  divided.  They  are  there- 
fore regarded  as  Mississippian,  and  the  upper  limit  of  this  series  is 
fixed  at  the  bottom  of  the  Brock  coal  bed.  This  interpretation 
involves  the  recognition  of  a  great  unconformity  between  the  Penn- 
sylvanian and  the  Mississippian  series  in  this  region. 

The  sandstone  strata  of  the  coal-bearing  rocks  do  not  commonly 
exceed  100  feet  in  thickness,  and  they  are  generally  made  up  of 
layers  from  6  inches  to  2  feet  thick. 

If  we  take  the  bottom  of  the  Brock  bed  as  its  lower  limit,  the  total 
average  thickne^js  of  the  Pennsylvanian  series  is  more  than  6,000 
feet.     The  following  is  a  generalized  section: 


(Generalized  section  of  the  coal-bearing  rocks  of  the  Cahaba  coalfield. 


Shale  and  sandstone  with  coal  IxhIb  at  IntervHls  from  top  of 

section 

Coal,  Mammoth-Helena  bed 

Shale  and  sandstone 

Conglomerate .'. 

Coal,  Thompson  or  Conglomerate  bed 

Shale  and  sandstone  with  thin  coal  beds 

Coal,  Little  Pittsburg  »>od 

Shale  and  sandstone,  Moyie  coal  l>ed  at  top  and  other  thin 

coals  in  soine  sections 

Coal,  Black  Shale  bed 

Shale  and  sandstone 

Coal,  Buck  l)ed 

Shale  and  sandstone  with  coal  beds,  including  Squire's  Coke. 

Atkins,  and  Schute  be<ls,  etc.,  in  the  Henryellen  basin 

Shale  and  sandstone 

Coal.  Wadsworth  bed 

Shale  and  sandstone 

Coal,  IFarkness  bed 

Shale  and  sandstone  with  thin  coals;    sandstone  of  Owen 

Mountam  at  base 

Shale  and  sandstone  with  Nimnally  group  of  coals,  two  to  six 

beds 

Shale  and  sandstone:  includes  sandstone 

of  (-hestnut  Ridge  at  base 

Shale  and  Hand8tf)ne  with  Qould  group  of 

coals 

Shale  and  stindstone;  Includes  two  white, 
^ceous,  in  pltices  conglomeratic,  sand- 
stones, making  two  ridges,  one  known  m 
different  parts  as  Grassy  Ridge,  Flat 
Hidge,  or  Pine  Mountain,*  and  tne  other 
as  Blackjack  Ridge  or  Shades  Moun- 
tain;   one  to  throe  thin  coals  l)etween 

the  sandstones 

Coal,  Brock  l)ed 


"MlUstone  grit,'' 
probable  equiv- 
alent of    J-rOOk- 

out  formation. 


Minimum. 


Feel, 


100 
10 


200 


Maximum. 


130 

ioo' 


125 
375 

1 
250 

1 

325 
50 

425 
50 


800 


Feet. 
1,300 


140 
80 


270 


380 

iso 


775 
950 

3 
750 

8 

600 

400 

1,000 

275 


1,200 


ATOimgA.* 


FetL 


1,300 

10 

118 

45 

4 

223 

2 


2 

125 
2 

500 
600 

2 
410 

4 

440 
250 
018 
180 


918 
1 


6,105 


o  The  averages  In  the  last  column  are  not  derived  alone  from  the  maximum  and  minimum  measan- 
jnents  here  given,  but  from  those  and  a  number  of  others  from  the  individual  vertloal  sections  on  PL VI. 
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The  preceding  section  differs  from  that  of  Squire®  in  its  greater 
detail.  It  has  J[>een  compiled  from  the  vertical  sections  on  PL  VI, 
which  are  themselves*  derived  from  horizontal  sections  across  the  field 
at  intervals  from  Black  Creek  on  the  north  to  the  Louisville  and 
Nashville  Railroad  on  the  south.     (See  PI.  V.) 

A  great  variation  in  the  thickness  of  the  subdivisions  in  the  gener- 
alized section  is  shown  by  the  maximum  and  minimum  measurements. 
These  irregularities  become  still  more  apparent  on  the  study  of  the 
individual  vertical  sections  (PI.  VI).  Two  explanations  can  be  given. 
The  first  is  that  great  irregularities  probably  exist  in  the  rocks  them- 
selves, and  the  second  that  the  variations  are  in  part  due  to  errors  of 
measurement. 

According  to  David  White,  who  has  studied  the  fossil  plants  col- 
lected in  the  Cahaba  field,  the  Helena  bed,  near  the  top  of  the  section 
in  the  area  under  discussion,  does  not  lie  at  a  higher  horizon  than  the 
middle  of  the  Sewell  formation  of  West  Virginia.  The  interval  from 
this  horizon  to  the  bottom  of  the  Pottsville  in  West  Virginia  is  approxi- 
mately 1,500  feet.  During  lower  and  middle  Pottsville  time,  there- 
fore, about  three  times  as  great  a  thickness  of  sediment  was  deposited 
in  the  Cahaba  field  as  in  the  Pottsville  of  West  Virginia,  or,  in  other 
words,  the  rate  of  deposition  was  three  times  as  great  in  the  former  as 
in  the  latter  field.  Great  inequalities  in  the  thickness  of  sediments 
within  comparatively  short  distances  probably  resulted  from  such 
rapid  deposition. 

Errors  of  measurement  are  inevitable  where,  as  in  this  field,  thick- 
nesses have  to  be  determined  from  the  dip  of  the  rocks  and  horizontal 
distance  between  the  outcrops  of  observed  beds.  The  number  of 
observations  is  often  insufficient  because  of  lack  of  exposures,  and 
many  dip  measurements  are  inaccurate  on  account  of  the  deceptive 
appearance  of  the  beds,  so  that  when  the  exposure  is  small,  it  is  nearly 
impossible  to  determine  the  true  dip.  As  is  well  known,  dips  vary 
constantly  from  place  to  place,  and  unless  there  are  many  observations 
the  average  dip  as  determined  may  be  several  degrees  in  error. 

The  sections  also  show  great  variations  in  the  number  of  coal  beds 
in  some  of  the  groups,  more  particularly  in  the  Nunnally  and  Gould 
groups.  Thus  in  the  section  along  the  road  from  Birmingham  to 
Leeds  no  less  than  six  thin  beds  of  coal  are  shown  in  the  Nunnally 
group;  in  the  Louisville  and  Nashville  Railroad  sections  there  are  but 
two  beds  to  be  seen  in  this  group,  with  possibly  a  third  lower  down  but 
not  exposed;  and  in  the  section  along  the  road,  eastward  from  Truss- 
ville  there  are  three  thin  coals  showing  close  together.  These  varia- 
tions are  doubtless  due  partly  to  actual  differences  in  the  number  of 
beds  in  the  different  sections  and  partly  to  the  fact  that  all  the  coals 
of  a  group  are  not  exposed  in  most  of  the  sections. 

a  Rept.  on  Cahaba  ooal  field.  1890,  p.  14. 
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STRUCTURE. 

The  Cahaba  coal  field  is  a  structural  trough  or  syncline  which  is 
unsymnietrical,  being  deepest  near  the  southeast  margin.  The 
trough  is  bounded  on  the  southeast  by  a  fault,  known  as  the  boundary 
fault,  along  which  much  lower  and  older  rocks  of  Cambrian  age  are  in 
contact  with  the  coal-bearing  rocks.  In  the  northwestern  half  of  the 
field  the  rocks  generally  dip  to  the  southeast  at  angles  ranging  from 
10°  to  15°;  nearer  the  axis  of  the  trough  the  dip  reaches  25°  to  45® 
SE.,  while  on  the  southeast  side  of  the  axis  the  dip  is  reversed  and 
the  rocks  are  abruptly  bent  upward  to  a  vertical  or  nearly  vertical 
attitude,  as  shown  by  the  cross  sections  on  PL  V. 

As  noted  above,  the  general  structure  of  the  field  is  comparatively 
simple,  but  there  are  a  number  of  minor  features  which  tend  to  com- 
pHcate  it.  These  consist  of  strike  faults  and  of  subordinate  folds 
either  following  the  strike  or  running  transversely  or  obliquely  across 
the  main  trough  and  creating  thus  a  number  of  small  independent 
basins.  These  basins  are  described  below,  and  in  following  this 
description  the  reader  should  constantly  refer  to  the  map  (PI.  V). 

Simple  but  xmsymmetrical  structure  prevails  in  this  field  north 
of  Henryellen.  About  1  mile  south  of  that  place  a  subordinate  fault 
diverges  from  the  boundary  fault  and  follows  a  more  westward  course 
to  Hogpen  Branch,  in  the  northeast  corner  of  sec.  26,  T.  1 7  S.,  R.  1  W., 
where  it  in  turn  seems  to  divide  into  eastern  and  western  faults.  The 
eastern  one  of  these  last-mentioned  faults  runs  southward  and  rejoins 
the  main  fault  near  the  point  where  the  Birmingham-Leeds  highway 
strikes  the  base  of  Pine  Ridge.  The  western  fault  follows  Hogpen 
Branch  southwestward  nearly  to  its  mouth,  whence  it  is  supposed  to 
continue  along  a  southwesterly  course  and  to  connect  with  a  fault 
encountered  in  an  old  mine  west  of  the  pumping  station  of  the 
Birmingham  waterworks. 

As  a  result  of  the  movement  which  produced  the  faults  described 
above,  the  lenticular  area  of  rocks,  beginning  1  mile  southwest  of 
Henryellen  and  including,  in  order  from  north  to  soutli,  all  formations 
from  the  Knox  dolomite  to  the  lower  part  of  the  coal-bearing  rocks, 
was  thrust  up  as  a  block  between  the  main  boundary  fault  on  the  east 
and  the  faults  on  the  west. 

Squire  mapped  and  described  the  Henryellen  basin  as  a  regular 
trough  extending  from  the  north  end  of  the  Cahaba  field  to  the  vicinity 
of  the  pumping  station  named  above.  It  was  found,  however,  that  a 
subordinate  basin,  extending  from  Hogpen  Branch  to  the  pumping 
station,  forms  the  south  third  of  Squire's  Henryellen  basin.  This  is 
here  named  the  Little  Cahaba  basin  on  account  of  its  proximit}^  to 
Little  Cahaba  River,  which  crosses  its  south  end.  This  subordinate 
basin  or  trough  is  narrow  and  deep,  with  steeply  dipping  rocks  on 
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each  side.  The  north  end  of  the  Little  Cahaba  basin  is  closely  folded 
into  a  number  of  narrow  anticlines  and  synclines  that  are  shown  on 
the  map  (PI.  V)  by  the  Hnes  indicating  the  outcrop  of  a  number  of 
beds  of  sandstone  which,  standing  nearly  vertical,  make  prominent 
ridges.  These  outcrops  were  actually  followed  out  in  the  field,  and 
the  main  features  of  the  structure  were  determined  beyond  a  doubt. 
Between  the  basin  just  described  and  the  Acton  basin  next  on  the 
south  is  an  area  in  which  sufficient  geologic  work  h^s  not  yet  been 
done  to  permit  mapping  and  description.  It  seems  probable  that  the 
structure  is  synclinal  in  the  northern  part.  The  location,  form,  and 
extent  of  the  Acton,  Helena,  and  Eureka  basins  are  shown  on  the 
map.  The  anticline  separating  the  Acton  and  Helena  basins  is  clearly 
the  continuation  of  that  shown  along  the  Louisville  and  Nashville 
Railroad  between  the  Cahaba  River  bridge  and  Tacoa  station.  The 
fold  between  the  Helena  and  Eureka  basins  appears  to  be  a  low  swell 
transverse  to  the  general  strike. 

The  anticline  just  mentioned  is  to  all  appearances  a  closed  and 
upright  fold.  In  the  cut  at  Tacoa  there  is,  on  the  limb  of  the  main 
fold,  a  subordinate  fold,  which  is  also  closed  and  upright.  These 
features  are  exhibited  in  the  Louisville  and  Nashville  Railroad  section, 
on  PI.  V. 

Along  the  natural  continuation  of  the  anticlinal  belt,  southwest  of 

.he  Louisville  and  Nashville  Railroad,  exposures  are  generally  poor 

ind  not  sufficiently  connected  to  reveal  the  structure  with  certainty. 

rhe  observed  dips,  however,  are  all  southeastward,  but  vary  greatly 

Q  amount.     Ac<;ording  to  the  writer's  interpretation  the  folds,  which 

ire  upright  on  the  Louisville  and  Nashville  section,  have  been  over- 

urned  to  the  northwest  in  the  Bamford-Mossbbro  section,  and  per- 

aps  additional  folds  or  faults  have  been  developed.     The  structure 

"  this  river  belt  is  confessedly  obscure,  and  not  well  made  out.     It  is 

»ped  that  further  investigation  will  reveal  other  facts  which  will 

ow  more  light  on  the  structure.     It  is  plain  that  some  such  struc- 

*  as  that  indicated  in  the  Bamford-Mossboro  section  exists  at  the 

h  end  of  this  belt,  for  without  the  repetition  of  beds  as  shown 

in  the  vertical  distance  from  the  conglomerate  lying  between  the 

a  and  Thompson  beds  to  the  Gould  bed  would  be  7,000  feet, 

s  in  all  the  other  sections  this  distance  is  less  than  4,000  feet. 

t  just  described  is  mapped  by  Squire  and  designated  by  him 

3rior  fault  vertical  measures.''     As  shown  above,  however, 

mte  not  vertical,  except  probably  from  the  vicinity  of  the 

d  Nashville  Railroad  northward,  and  no  positive  evidence 

*ice  of  a  fault  was  discovered,  although  such  a  supposition 

tasonable.     At  Sydenton  the  structure  is  synclinal,  what 

■he  same  bed  of  coal  with  opposite  dips  being  mined  on 

the  syncline.     The  abandoned  mine  at  Sydenton  followed 
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the  bed  down  the  southeasterly  dip,  and  an  older  abandoned  mine  just 
west  of  the  railroad  bridge  over  Cahaba  River  followed  the  dip  to  the 
northwest.  According  to  report  the  bed  has  never  been  followed 
across  the  syncline  between  these  mines,  so  it  is  not  certain  whether 
they  are  connected  or  separated  by  a  fault  along  the  syncline.  The 
converging  strike  of  the  beds  south  of  the  railroad  indicates  that  the 
syncUne  runs  to  a  point  like  the  end  of  a  canoe  about  a  mile  southwest 
of  Sydenton,  in  the  southeast  corner  of  sec.  8,  T.  20  S.,  R.  3  W.  The 
coal  bed  mined  at  Sydenton  probably  outcrops  aroimd  the  point  of 
the  syncline,  but  it  is  not  possible  to  trace  it,  although  associated 
sandstones  have  been  followed  almost  around  the  point. 

A  broad,  shallow  syncline,  the  axis  of  which  lies  along  the  course 
of  Little  Valley  Mountain,  extends  from  New  Hope  to  that  part  of 
Shades  Mountain  which  follows  a  north-south  course  south  of  Oxmoor. 
Along  the  east  side  of  this  syncline  are  Jones  and  Dolly  ridges,  which 
are  made  by  the  sandstones  of  Flat  Ridge  and  Shades  Mountain, 
respectively.  Dolly  Ridge  is  an  anticHne,  the  sandstone  rising  from 
the  syncline  to  the  west  at  a  low  angle  and  then  plunging  abruptly 
downward  to  the  east  at  a  high  angle.  This  anticline  is  continued  to 
the  southwest  through  Refuge  and  across  Patton  Creek,  gradually 
flattening  out  and  probably  disappearing  not  far  south  of  that  creek. 
Just  to  the  east  of  Dolly  Ridge  is  another  sharp,  narrow  ridge  made  by 
the  sandstone  of  Flat  and  Jones  ridges  as  it  dips  to  the  east  at  an 
angle  of  about  50°. 

To  the  northeast  of  New  Hope,  in  sees.  12  and  14,  T.  18  S.,  R.  2  W., 
there  is  a  noticeable  flattening  of  the  rocks,  which  shows  in  the  sec- 
tion north  of  the  pumping  station  (PL  V,  p.  80).  This  flattening 
is  also  shown  by  the  expansion  of  the  outcrop  of  the  sandstone  of 
Chestnut  Ridge,  in  the  above-described  section.  Another  flattening, 
likewise  shown  by  the  expansion  of  the  outcrop  of  the  same  sand- 
stone, occurs  between  the  pumping  station  and  the  Caldwell  ford, 
including  sec.  34,  T.  18  S.,  R.  2  W.  In  the  SE.  J  sec.  34  a  low  north- 
west dip  is  believed  to  exist. 

GENKRAL.  CORRELATION^   OF  COAIiS. 

Before  proceeding  with  the  description  of  individual  coal  beds  it  is 
necessary  to  discuss  the  general  correlation  and  identification  of  the 
several  beds  in  the  difi'erent  parts  of  the  field.  This  discussion  begins 
with  the  lower  beds  of  the  field,  because  there  is  no  doubt  concerning 
the  tracing  and  identification  of  thesQ  beds  from  one  end  of  the  area  to 
the  other.  The  certainty  with  respect  to  these  lower  beds  is  due  to  the 
presence  at  the  base  of  the  measures  of  three  quartzitic  sandstones 
generally  known  as  the  ^'Millstone  grit.'*  These  sandstones  are  hard 
and  resistant,  and  on  account  of  their  attitude  make  conspicuous  and 
continuous  ridges.     The  uppermost  sandstone  of  these  three  makes 
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Chestnut  Ridge;  the  one  next  below  makes  the  ridge  which  in  the 
southern  part  of  the  area  is  known  as  Pine  Mountaiii,  in  the  middle 
part  as  Flat  Ridge,  and  in  the  northern  part  as  Grassy  Ridge;  the 
lowest  makes  the  ridge  known  in  the  southern  part  as  Shades  Moun- 
tain and  in  the  north  as  Blackjack  Ridge.  By  the  aid  of  these  sand- 
stones it  is  possible  to  identify  their  associated  coals  with  certainty. 
Thus  the  Brock  bed,  the  type  locality  of  which  is  Brock  Gap,  lies  less 
than  100  feet  below  the  sandstone  of  Shades  Mountain  and  Blackjack 
Ridge.  The  type  locality  of  the  Gould  bed,  or  Gould  group  of  beds,  is 
the  old  Gould  mine  in  the  vicinity  of  the  present  Star  Cahaba  mine 
No.  1,  about  1  mile  west  of  Sydenton,  in  the  NW.  }  sec.  8,  T.  20  S.,  R. 
3  W.  This  group,  therefore,  lies  between  the  sandstone  of  Pine  Moun- 
tain and  Grassy  Ridge  and  that  of  Chestnut  Ridge,  and  it  can  be  iden- 
tified everywhere  with  certainty.  Attention  may  be  called  to  the  fact 
that  Squire's  map  of  the  Cahaba  field  shows  the  outcrop  of  the  Gould 
coal  to  the  west  of  Grassy  Ridge.  Squire,  however,  applied  the  name 
Grassy  Ridge  to  the  north  end  of  Chestnut  Ridge  instead  of  to  the 
north  end  of  Flat  Ridge,  so  that  there  is  no  real  disagreement  in  the 
identification  of  the  coals. 

The  Nunnally  group  of  coal  beds,  the  type  locaHty  of  which  is  thfe 
Nunnally  place,  on  the  Louisville  and  Nashville  Railroad,  about  three- 
fourths  of  a  mile  northwest  of  Sydenton,  lies  next  east  of  Chestnut 
Ridge  and  can  be  traced  with  scarcely  a  break  from  one  end  of  the 
area  to  the  other.  In  the  northern  part  of  the  field  this  group  can  be 
identified  from  its  outcrop  along  the  west  flank  of  the  prominent  ridge 
known  as  Owens  Mountain. 

Next  above  the  Nunnally  group  lies  the  Harkness  bed,  the  type 
locality  of  which  is  the  old  Harkness  place,  on  the  Louisville  and 
Nashville  Railroad,  one-half  mile  northwest  of  Sydenton,  in  the  south- 
west comer  of  sec.  4,  T.  20  S.,  R.  3  W.  The  identification  of  this  bed 
north  of  the  type  locality  is  less  certain  than  that  of  the  Gould  and 
Nunnally  coals,  partly  because  it  has  no  key  rock  that  can  be  traced 
throughout  the  field  and  partly  because  it  is  involved  in  the  fault 
along  Hogpen  Branch.  The  coal  bed  apparently  can  be  identified 
with  some  degree  of  certainty  as  far  north  as  Acton  Creek.  Its  out- 
crop may  continue  northward,  parallel  to  the  Nunnally  bed,  to  a  point 
about  1  mile  northeast  of  the  pumping  station,  where  it  is  probably 
cut  out  by  the  above-mentioned  fault.  In  the  northern  part  of  the 
area  a  thick  bed  outcropping  along  the  east  side  of  Owens  Mountain 
has  been  identified  as  the  Harkness,  and  this  identification  appears  to 
be  correct.  This  bed  has  been  traced  southward  to  a  point  (No.  52  ^) 
in  the  southeast  corner  of  sec.  32,  T.  17  S.,  R.  1  W.  Two  or  three 
miles  south  of  this  point  the  outcrop  probably  runs  into  the  fault. 
East  of  the  fault  between  the  pumping  station  and  Hogpen  Branch 

aNombera  refer  to  corresponding  numbers  on  PI.  V. 
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the  outcrop  of  the  Ilarkness  bed  is  beUeved  to  be  repeated  by  the 
upthrow  of  the  fault,  the  identification  of  the  bed  depending  on  both 
stratigraphic  and  paleobotanic  evidence.  Plants  collected  from  a  bed 
outcropping  on  the  Birmingham-Leeds  road  (No.  54),  near  the  center 
of  sec.  34,  T.  17  S.,  R.  1  W.,  are  regarded  by  David  White  as  probably 
associated  with  the  Harkness  coal.  The  outcrop  of  this  bed  can  be 
traced,  as  shown  on  the  map,  by  oj^enings  at  points  Nos.  55  and  56, 
by  a  natural  exposure  in  the  road  at  point  No.  57,  in  the  northwest 
comer  of  sec.  18,  T.  18  S.,  R.  1  W.,  and  by  the  relation  of  the  outcrop 
to  continuously  traceable  sandstones  that  are  also  shown  on  the  map. 

The  stratigraphic  evidences  for  the  identification  here  made  are  as 
follows:  First,  the  bed  regarded  as  Harkness  is  the  first  known  bed 
above  the  Nunnally  group  which  can  be  certainly  identified  in  the 
section  north  of  the  pumping  station  (PI.  VI,  p.  86);  second,  the  sup- 
posed Harkness  bed  in  this  section  is  1 ,800  feet  below  a  coal  bed  which 
lies  about  100  feet  above  a  good  conglomerate.  The  significance  of 
this  circumstance  will  appear  from  the  following  discussion.  In  the 
Black  Creek  section  (see  PI.  VI)  the  interval  between  the  Mammoth 
and  Harkness  beds  is  1,500  feet,  in  the  Trussville  section  it  is  1,600 
feet,  in  the  Centrahof  Georgia  Railway  section  1,600  feet,  and  in  the 
Southern  Railway  section  1,800  feet.  On  Snake  Branch,  IJ  miles 
south  of  the  Southern  Railway,  the  interval  is  1,800  to  1,900  feet. 
There  is  no  doubt  as  to  the  identity  of  the  two  beds  in  the  last-named 
locality.  Furthermore,  about  150  feet  beneath  the  Mammoth  bed  is 
a  conglomerate  which  shows  in  the  Trussville  and  Central  of  Georgia 
Railway  sections  and  also  appears  from  Snake  Branch  southward  to 
Hog()en  Branch,  where  both  the  Mammoth  bed  and  the  underlying 
conglomerate  are  cut  out  by  the  fault  already  described.  The  con- 
glomerate increases  in  thickness  toward  the  south  and  becomes  more 
conspicuous  near  the  fault.  Now,  in  the  Little  Cahaba  basin,  about 
4  miles  southwest  of  the  j)()int  on  Hogpen  Branch  where  the  Mam- 
moth coal  and  the  conglomerate  nm  into  the  fault,  there  is,  as  shown 
in  the  section  north  of  tlie  pumping  station  (PI.  VI),  a  conglomerate 
underlying  a  coal  1,800  feet  below  which,  as  stated  above,  lies 
the  supposed  Ilarkness  bed.  These  circumstances  point  not  only  to 
the  fact  that  the  supposed  Harkness  bed  in  this  section  is  really  such, 
but  also  to  the  conclusion  that  the  coal  and  conglomerate  near  the  top 
of  the  section  are  the  Mammoth  coal  and  its  conglomerate. 

The  Wadsworth  bed,  the  next  of  any  importance  above  the  Hark- 
ness, presents  no  particular  difficulties  of  correlation  if  the  identifi- 
cation of  the  Ilarkness  as  stated  above  is  correct,  for  a  bed  in  corre- 
sponding position  to  the  Wadsworth  has  been  observed  generally  north 
of  the  I^uisville  and  Nashville  Railroad.  The  type  locality  of  the 
Wadsworth  is  at  Tacoa  station,  where  it  was  mined  years  ago  by 
Frank  Wadsworth.     South  of  Tacoa  station  the  outcrop  appears  to 
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run  in  a  nearly  straight  southwesterly  course  as  mapped.  To  the 
north  and  west  the  outcrop  is  repeated  as  a  result  of  the  structure, 
so  that  the  old  mines  on  both  sides  of  the  river  in  the  vicinity  of 
Sydenton  are,  with  almost  no  doubt,  in  this  bed. 

In  the  1,000  to  1,500  feet  between  the  Wadsworth  bed  and  the  con- 
glomerate near  the  top  of  the  measures  there  are  many  thin  coal  beds, 
and  any  correlation  of  individual  beds  throughout  the  length  of  the 
field  would  be  at  best  very  doubtful.  Squire  has  mapped  and  shown 
in  various  sections  ten  to  fifteen  coal  beds  in  this  interval,  including 
in  ascending  order  the  Schute,  Atkins,  Coke,  Buck,  Black  Shale,  Little 
Pittsburg,  Thompson,  and  other  thin  beds.  In  only  one  section,  that 
of  the  Acton  basin  at  Bains  Bridge  (PL  VI),  did  the  writer  see  so 
many  coal  beds  in  this  interval.  In  that  section  there  are  at  least 
thirteen  beds,  many  of  them  being  indicated  by  thin  streaks  of  smut. 
It  is  probable  that  a  large  number  of  these  are  thin  and  close  together. 
As  many  or  more  beds  may  be  present  in  this  interval  all  along  the 
field,  but  not  exposed,  for  exposures  are  generally  poor  between  the 
horizon  of  the  Black  Shale  and  Buck  coal  beds  and  the  Wadsworth 
bed.  It  is  entirely  possible  that  thin  coal  beds  in  this  interval  are 
present  in  some  sections  and  absent  in  others,  and  that  some  of  these 
may  locally  reach  a  considerable  thickness.  Many  of  the  correlation 
lines  drawn  on  PI.  VI  are  meant  to  indicate  that  the  coal  beds  con- 
nected lie  at  about  the  same  horizon,  but  not  that  they  are  necessarily 
identical. 

At  this  point  the  question  of  the  correlation  of  the  Mammoth  with 
the  Helena  bed  naturally  comes  up.  The  reasons  for  regarding  the 
coal  above  the  conglomerate  in  the  Little  Cahaba  basin,  as  the  Mam- 
moth bed  are  fully  set  forth  on  page  84.  It  is  also  clear  and 
recognized  by  all  workers  in  this  field  that  the  conglomerate  and  the 
coal  above  it  are  the  same  as  the  conglomerate  and  Helena  coal  in  the 
Eureka,  Helena,  and  Acton  basins.  It  follows,  therefore,  that  the 
Mammoth  and  Helena  beds  are  the  same.  This  conclusion  is  strength- 
ened by  the  fact  that,  so  far  as  the  writer  has  discovered,  there  is  no 
other  conglomerate  above  the  '^Millstone  grit*'  in  this  part  of  the 
Cahaba  field.  It  is  probable  that  the  conglomerate  was  all  deposited 
at  the  same  time  and  formed  a  continuous  bed  ranging  gradually  from 
thick  and  coarse  at  the  south  to  thin  and  fine  at  the  north.  •  It  should 
be  noted  in  this  connection  that  the  interval  between  the  Ilarkness 
and  Helena  beds  in  the  Acton  basin  and  along  the  Louisville  and 
Nashville  Railroad  (see  sections  9  and  10,  PI.  VI)  is  about  2,400  feet. 
This  is  an  objection  to  the  correlation  of  the  Mammoth  and  Helena 
beds,  but  is  not  fatal  to  it,  for,  as  has  been  noted,  there  is  a  gradual 
increase  of  this  interval  from  north  to  south  down  to  Hogpen  Branch, 
and  a  further  increase  from  the  I^ittle  Cahaba  basin  to  the  Acton  basin 
is  in  accord  with  the  general  thickening  of  the  coal-bearing  rocks  to- 
ward the  southwest. 
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Squire,  in  his  report  on  the  Cahaba  field,  regarded  the  Buck  and 
Black  Shale  beds  of  the  I^ouisville  and  Nashville  Railroad  section  near 
Helena  as  the  equivalents  of  the  Mammoth  bed.  He  expressed  the 
belief  that  the  two  branches  of  the  Mammoth  which  are  separated 
by  10  feet  of  shaje  in  the  Southern  Railway  section  become  more  and 
more  widely  separated  to  the  south,  until  they  are  100  feet  apart, 
and  form  the  Buck  and  Black  Shale  beds  at  Helena.  In  conversation 
with  the  writer,  however,  Mr.  Squire  said  he  had  no  positive  evidence 
for  such  an  opinion.  Possibly  he  reported  it  as  a  matter  of  common 
belief.  In  the  writer's  judgment  there  is  no  stratigraphic  evidence 
for  such  a  conclusion. 

I>ETAIIiET>  DESCRTPTIOX  OF  THi:  COATi  BEDS. 

In  this  description  only  those  coal  beds  will  be  included  that,  so  far 
as  known,  are  in  some  part  of  the  area  under  discussion  2  feet  or  more 
in  thickness.  In  descending  order  the  beds  are,  according  to  the 
writer^s  identification,  the  Mammoth-Helena,  Thompson-Double, 
Little  Pittsburg,  Black  Shale,  Buck,  Wadsworth,  Harkness,  Nunnally 
(locally  three  beds),  and  Gould.  It  is,  of  course,  possible  that  there 
are  other  undiscovered  beds  that  are  2  feet  thick  and  that  some  of  the 
thin  beds  may  locally  exceed  that  thickness.  For  instance.  Squire 
gives  the  Atkins  (Adkins)  bed  as  4  J  feet  thick  in  the  colunmar  section 
of  the  Henry ellen  basin.  The  writer,  however,  found  no  such  bed  in 
that  basin  and  he  has  the  statement  of  a  person  thoroughly  familiar 
with  that  part  of  the  field  by  extensive  prospecting  that  there  are  only 
two  beds  in  the  basin — the  Harkness  and  the  Mammoth — that  are 
thick  enough  to  mine.  With  this  statement  the  writer  fully  agrees. 
The  following  description  takes  up  each  bed  as  it  occurs  in  the  Henry- 
ellen.  Little  Cahaba,  Acton,  Helena,  and  Eureka  basins,  except  the 
Nunnally  and  Gould  beds,  which  are  continuous  throughout  the  field 
and  for  which  this  method  of  treatment  is  not  suitable. 

COALS  ABOVE  THE  MAMMOTH-HELENA  BED. 

There  arc  a  number  of  thin  beds  above  the  horizon  of  the  Mammoth- 
Helena,  but  only  at  one  point  has  coal  of  workable  thickness  been 
observed.  This  is  about  1  mile  southwest  of  Ilonrj^ellen,  where  a  bed 
about  200  feet  above  the  Mammoth  shows  the  following  section: 

Section  of  coal  bed  1  mile  southwest  of  Ilcnryellen  {No.  1 "). 

Shale.                                                                                                      Ft.  In. 

(  ual 1  4 

(lay 2 

Coiii 6 

C^lay I  9 

Coal 2  4 

(>     1 

a  N«nnN»rs  in  parenthr^os  corn'spond  to  nuinlKTS  on  the  nuip  (.1*1.  Vi  showing  hx'ations  at  iHliob   • 
observations  on  the  c«mi1  U'ds  were  nitule. 
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This  bed  appears  to  be  in  the  position  of  the  Yeshic  bed  of  the 
southern  part  of  the  Cahaba  field.  What  is  apparently  the  same  bed 
shows  in  the  Trussville  section  (PL  VI)  in  the  road  just  east  of  Black 
Creek,  but  it  is  too  thin  to  be  of  value.  Other  and  higher  beds  also 
show  in  the  same  section,  but  they  are  worthless. 

MAMMOTH-HELENA   BED. 

As  stated  on  page  85,  the  Mammoth  bed  of  the  Henryellen  basin  is 
regarded  as  identical  with  the  Helena  of  the  Little  Cahaba,  Acton, 
Helena,  and  Eureka  basins,  and  the  two  names  are  used  accordingly. 

Henryellen  basin. — The  Mammoth  is  the  thickest  bed  in  the  north- 
em  part  of  the  Cahaba  field,  if  not  in  the  whole  field.  On  Black 
Creek  it  has  the  following  section: 

Section  of  Mammoth  bed  on  Black  Creek. 

Shale.  Ft.  in. 

Coal  and  bone 1  10 

Coal 3      8 

Clay  and  "rash" 2i 

Coal 5 

10      8J 

Farther  south  the  parting  near  the  middle  thickens  and  where  the 
bed  has  been  exposed  near  the  junction  of  the  siding  to  Henryellen 
No.  6  mine  and  the  main  line  of  the  Southern  Railway  it  has  the 
following  section: 

Sectio7i  of  Mammoth  bed  near  junction  of  SovXhern  Railway  and  siding  to  Henryellen  No.  6 

•  mine  (No., 3). 

Shale.  Ft.   in. 

Coal 5 

Clay .^ ., 1 

Coal :v ....  4 

Clay : 3 

Coal , 1 

6    8 

Rliale .:........;.. 10 

Coal 1 

Clay 2 

Coal 2 

Clay 6 

Coal , 7 

Clay 1    4 

Coal 1    8 

4    6 

The  two  benches  shown  in  this  section,  according  to  the  report  of  a 
prospector,  persist  southwestward  to  the  fault  on  Hogpen  Branch. 
The  same  person  reports  the  upper  bench  to  be  more  or  less  bony  and 
others  in  a  position  to  know  report  the  same  thing.  A^  the  writer  had 
no  chance  to  examine  a  fresh  face  of  the  bed  he  is  unable  to  make  any 
defiinite  statement  on  this  point. 
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The  average  of  six  measurements  of  this  bed,  at  points  from  Black 
Creek  to  Henryellen  No.  6  mine,  is  7  feet  6  inches  of  coal  in  the  two 
benches.  This  is  exclusive  of  partings  that  could  be  detected  under 
the  conditions  of  exposure.  It  is  probable  that  the  bed  contains  7  feet 
of  minable  coal  throughout  the  area  underlain  by  it.  The  analysis 
(A)  of  a  sample  from  this  bed  collected  near  Henryellen  is  given  on 
page  114. 

Little  Cahaba  basin. — A  single  measurement  of  the  Helena  bed  at 
location  No.  4,  in  the  little  Cahaba  basin,  gave  a  thickness  of  more 
than  5  feet  gross,  without  any  details  as  to  partiqgs,  etc.  It  is  reported 
to  be  11  feet  thick  at  this  opening.  If  that  report  is  true,  the  thick- 
ness is  very  likely  local  and  due  to  squeezing,  as  the  rocks  are  closely 
folded.     The  bed  may  contain  4  feet  of  minable  coal  in  this  basin. 

Acton  bdsin. — In  the  Acton  basin  the  opportunity  for  examining 
the  Helena  coal  is  very  much  better  than  elsewhere  in  the  field,  inas- 
much as  mines  are  being  opened  on  it  at  the  present  time.  At  one 
mine  the  section  is  as  follows: 

Section  of  Helena  bed  J\  miles  east  of  Bains  Bridge  {No.  .5). 

Ft.     in. 

Sand  and  clay 10 

Clay 4 

Coal 3 

Clay 2 

Coal 4      2 

Clay 5 

Coal : 1      9 

Clay 1 

Coal 3 

Total  coal  bc>(l 7      5 

At  mine  No.  2,  three-fourths  of  a  mile  southeast  of  Bains  Bridge, 
the  bed  has  the  following  sections: 

S€ctio7is  of  IleUna  bed  at  mine  No.  l',  three-fourths  of  a  mile  southeast  of  Bains  Bridge 

(No.  6). 

A.  AT  MAIN  ENTRY. 

Ft.      Id. 

Sandstone  15 

Coal 1 

Clay 2 

Coal ; 1      3 

Total  coal  bed 4      3 

B    10()  FEET  DOWN  THE  SLOPE  FROM  THE  MAIN  ENTRY. 

Ft,      in 

Coal 3 

Clay 2 

G»al 1     10 

Clay 7 

Coal 1      9 

4      7 
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The  inference  from  the  preceding  three  sections  is  that  in  this  basin 
the  bed  is  irregular  in  thickness  and  character.  The  average  thick- 
ness of  coal  in  the  three  measurements  is  50  inches,  and  4  feet  may  be 
taken  as  the  probable  average  thickness  of  this  bed  in  the  Acton  basin. 
The  composition  of  the  Helena  coal  in  this  basin  is  shown  in  analysis 
B  (p.  114). 

Helena  basin. — No  measurements  were  obtained  in  the  Helena  basin. 
Squire,  however,  gives  three  measurements  in  the  NE.  }  sec.  10  and 
SW.  }  sec.  2,  T.  20  S.,  R.  3  W."    Below  are  two  of  these  sections: 

Section  of  Helena  bed  in  the  SW.  i  sec.  2,  T.  20  S.,  R.  S  W. 

Sandstone.                                                                                    Ft.  in. 

Coal 5  11 

Slate 6 

Coal 2 

Slate.  

8      5 

Section  of  Helena  bed  in  the  NE.  \  sec.  10,  T.  20  S.,  R.  S  W. 

Sandstone.                                                                                       Ft.  in. 

Coal 2  6 

Slate 3 

Coal 1  6 

Slate : 8 

Coal 2 

Slate.  

6    11 

Squire  reports  the  bed  at  Helena,  in  the  south  end  of  the  basin,  only 
6  inches  thick,  as  exposed  in  a  drift  100  feet  in  length.  It  appears, 
therefore,  that  this  bed  is  subject  to  great  variations.  If  this  last- 
mentioned  thickness  is  taken  with  the  other  three  given  by  Squire,  the 
average  for  this  basin  is  5  feet  6  inches  of  coal.  Five  feet  would  be  a 
conservative  estimate. 

Eureka  hamn. — The  Helena  bed  in  the  Eureka  basin  is  not  now 
open  to  inspection,  except  possibly  at  one  point  near  the  highway 
half  a  mile  southeast  of  Falliston,  where  there  is  a  small  mine  at 
which  the  bed  is  stated  to  be  5  feet  thick.  The  bed  was  worked  in 
the 'north  end  of  this  basin  years  ago,  and  Squire  reports  it  4  feet 
thick,  with  2  or  3  inches  of  bony  coal  near  the  middle.^  No  data  as 
to  the  thickness  or  character  of  the  bod  in  the  southern  part  of  the 
basin  are  at  hand.  Squire,  however,  gives  a  section  4  feet  thick 
with  partings  as  measured  in  the  Dry  Creek  basin,*^  which  lies  next 
south  of  the  Eureka  basin.  It  appears  safe  to  assume,  therefore, 
that  the  Helena  bed  will  average  3  J  feet  of  workable  coal  throughout 
the  Eureka  basin. 


«  Rept.  on  Cataaba  coal  Held,  1890,  pp.  /i?,  58.  b  Op.  dt.,  p.  GO.  c  Op.  cit.,  p.  77. 
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THOMPSON   OR   CONGLOMERATE   BED. 

HenryeUen  basin, — In  the  Henryellen  basin  the  Double  bed  or 
its  upper  bench  is  supposed  to  be  the  equivalent  of  the  l%r0mpson 
or  Conglomerate  bed  in  the  southern  basins.  The  lower  i>ench  of 
the  Double  may  be  the  equivalent  of  one  of  the  thin  bi&fls  close 
below  the  Thompson  bed  in  the  Helena  section.  At  only  one  point 
in  the  basin  does  this  bed  appear  to  be  of  minable  thickness.  This 
is  on  the  Southern  Railway,  near  the  junction  of  the  siding  to  Henry- 
ellen No.  6  mine  (No.  7).  The  bed  appears  to  be  thick  at  this  place, 
but  was  not  well  enough  exposed  to  be  measured. 

Little  Cdhaba  basin, — Nothing  was  learned  of  the  Thompson  bed  in 
this  basin  imless  a  thin  bed  apparently  4  inches  thick,  50  feet  below 
the  conglomerate,  is  its  representative. 

Acton  bamn, — The  Thompson  is  a  minable  bed  in  this  basin,  though 
the  thickness  and  character  do  not  appear  to  offer  much  encour- 
agement to  mining  at  the  present  time. 

Section  of  Thompson  bed  1}  miles  east  of  Bains  Bridge  (No.  8). 

Feet. 

Conglomerate .  5 

Sandstone 10 

Shale : 8 

Coal 3 

Shale. 

Section  of  Thompson  bed  at  mine  No.  7,  two-thirds  of  a  mile  soutJieust  of  Bains  Bridge 

(No.  9). 

Ft.    In. 

C-onglomerato 5 

Shale 6 

Coal 4 

Clay 2 

(\)al 2 

Clay 2 

Coal 2 

Clay 1 

Coal 2 

Hay 1  11    ^ 

Coal,  variable ' 1  6 

Total  coal  bed 4      8 
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Fiftjtifeet  farther  down  the  slope  in  mine  No.  1  the  bench  of  coal 
above  the  12  inches  of  clay  is  as  follows: 

Section  of  upper  part  of  Thompson  bed  at  mine  No.  1. 

Ft.  In. 

Coal 1 

C^ i 

Coal 1 

Clay 1 

Coal 1 

Gay 1 

Coal 2 

Clay i 

Coal 1 

Clay i 

Coal 1 

Clay , : 1 

Coal 1 

Clay..  } 

Coal 1 

Clay 1 

Coal 2 

1  4i 


This  intimate  mixture  of  coal  and  dirt  in  the  upper  bench  makes  it 
worthless  without  washing.  The  measurements  given  above  do  not 
afford  a  reliable  basis  for  judging  the  thickness  and  character  of  the 
bed  in  the  whole  basin.  These  measurements  indicate  an  average 
thickness  of  2  feet  6  inches  of  coal,  and  that  is  assumed  as  the  thick- 
ness of  minable  coal.  The  composition  of  coal  from  this  bed  is 
shown  in  the  table  of  analyses  (p.  114). 

Helena  and  Eureka  basins, — The  Thompson  bed  was  not  seen  in 
the  Helena  basin.  It  has  been  opened  on  the  Louisville  and  Nash- 
ville Railroad,  but  the  openings  are  now  closed.  Squire"  reports 
that  the  bed  ranges  in  thickness  from  2  J  to  12  feet,  with  an  average 
of  3  to  5  feet  of  good  coal.  He  also  reports  that  the  bed  has  a  bad 
roof  and  in  places  has  many  layers  of  smut,  which  impair  its  quality. 
For  these  reasons  attempts  to  mine  the  bed  have  always  been  unsuc- 
cessful. At  the  north  end  of  the  Eureka  basin  (No.  10)  the  coal  is 
reported  5  feet  thick.  At  the  Coalmont  mine,  in  the  southern  part 
of  the  basin,  the  bed  has  the  following  section: 

Section  of  Thompson  bed  at  Coalmont  mine. 

Sandstone.                                                                                    Ft.  in. 

Coal 2 

Shale 2 

Coal 2  10 

Sandstone.  

5 


oOp.  cit.,  p.  55. 
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It  seems  safe  to  assume  from  these  reports  and  measurements 
that  the  bed  contains  4  feet  of  minable  coal  throughout  the  basins. 
(See  table  of  analyses  (p.  114)  for  composition  of  bedsatCoalmont.) 

LITTLE  PITTSBURG  BED. 

The  Little  Pittsburg  is  the  next  bed  below  the  Thompson  or 
Double  that  shows  any  prospect  of  being  workable.  The  type 
locality  of  this  bed  is  at  Helena,  where  it  has  been  opened  and  worked 
to  some  extent  near  the  Louisville  and  Nashville  Railroad.  At  this 
point  it  is  400  feet  below  the  Helena  bed. 

Ilenryellen  Uisin, — In  the  Henryellen  basin  a  bed  from  300  to  400 
feet  below  the  Mammoth  is  regarded  as  the  Little  Pittsburg.  At  a 
prospect  on  Black  Creek  (No.  11)2  feet  of  solid  coal  is  exposed  below 
shale.  The  bed  may  be  a  little  thicker,  as  the  bottom  was  con- 
cealed. Just  north  of  the  Trussville  road,  west  of  Black  Creek,  the 
following  section  was  measured: 

Section  of  LittU  Pittsburg  hfii  luar  TntssiiUe  road  {Xo.  li). 

Shalo.  Ft.  in. 

a>al - 1  5 

Fiit'  olay 3 

'  l\»al..--* 5 

Firt*  olay 8 

Shale.  

2    9 

On  the  Sinithern  Railway,  at  the  east  end  of  the  bridge  over  Cahaba 
River  (Xo.  13^.  the  beil  is  21  inches  thick  and  consists  of  solid  coal, 
under  20  feet  of  thick-bedded  sandstone.  Still  farther  south,  on 
Snake  Branch  (Xo.  14),  the  bed  sho^^  2  feet  4  inches  of  solid  coal 
under  20  feet  of  sandstone,  Xothing  is  known  of  the  coal  bed  south- 
west of  the  last -described  point .  The  bed  will  probably  not  average  2 
feet  of  c<.>al  in  this  basin. 

Litth  Otlutha  Uisin. — AVhat  appears  to  be  the  Little  Pittsburg 
beil  shows  a  good  thickness  at  some  (H^ints  on  Coal  Bed  Branch,  on 
the  west  side  of  the  IJttle  Cahaba  basin.  At  other  pomts  the  bed  is 
thin,  indicating  ot>nsiderable  irregularity  in  thickness.  Below  mie 
ar^^  a  numl>er  of  measurements,  the  tirsi  Unng  near  the  mouth  of  Coal 
Beil  Branch- 

\.\\il  -    ■  ■  -         ...  -     ^12 

vUy  ;$ 

Coal . .  ■        ...         ^ 

1^20 
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On  the  highway  a  short  distance  farther  north  the  following 
section  is  exposed : 

Section  of  Little  Pittsburg  coal  near  Coal  Bed  Branch  (No.  15). 

Ft.    In. 

Sandstone 10 

Shale 15 

Coal 1 

Shale : 10 

Coal 6 

Shale 6 

Coal 3 

Clay 3 

Coal 2 

Clay 3 

Coal  and  clay 2-4 

Coal 4 

Clay 2 

Coal *. 2 

Clay 8 

Coal 4 

Shale.  

45    6 

The  worthless  character  of  the  bed  is  evident.  It  may  be  that  the 
upper  thin  coals  represent  some  of  the  beds  above  the  Little  Pitts- 
burg. Farther  north,  however,  the  bed  is  better,  as  shown  by  the 
following  section: 

Section  of  Little  Pittsburg  bed  on  the  east  side  of  Little  Cahaba  basin  (No.  16), 

Ft.   In. 
Sandstone 4 

Coal 3 

Clay 2 

Coal....: 1 

Clay : 2 

Coal 5 

Clay 1 

Totalcoalbed 3    10 

On  the  west  side  of  the  basin  (No.  17)  the  bed  is  at  least  3  feet  9 
inches  thick,  but  the  bottom  was  concealed  and  the  full  thickness 
could  not  be  determiSed.  Six  feet  of  coal  is  reported  at  this  point. 
At  another  point  near  by  5  feet  of  coal  is  reported.  From  the  above 
data  il  seems  possible  that  the  Little  Pittsburg  bed  does  not  average 
more  than  2  feet  of  coal  throughout  the  area  included  within  its 
outcrop  in  this  basin. 

ActoUy  Helena,  and  Eureka  Jewing. — It  is  a  question  whether  the 
Little  Pittsburg  is  to  be  considered  a  minable  bed  in  these  basins. 
At  a  single  point  in  the  road  east  of  Bains  Bridge,  a  bed  of  solid  coal 
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2  feet  thick,  which  appears  to  be  in  the  position  of  the  Little  Pitts- 
burg bed,  is  exposed  under  a  heavy  sandstone.  At  the  type  locality 
on  Buck  Cre^k,  just  west  of  Helena,  the  following  section  was  obtained 
from  a  weathered  face  near  the  outcrop : 

Section  of  Little  Pittsburg  bed  near  Helena  (No.  18), 

Shale.  ,  Ft.  In. 

Coal 10 

Clay 1 

Coal 21 

Clay 1 

Coal li 

Coal  and  clay 8 

Clay 2 

Coal  and  clay 2 

Shale 7 

Coal  and  clay 7 

Shale.  

3    6 

An  effort  was  made  by  Mr.  Squire  to  mine  the  bed  at  this  point, 
but  it  was  unsuccessful.  If  the  above  section  fairly  represents  the 
character  of  the  bed,  its  worthlessness  is  evident.  Squire**  reports 
the  following  section  at  a  test  pit  near  the  type  locality: 

Section  of  Little  Pittsburg  coal  in  sec.  16,  T.  20  8.,  R,  3  W, 

Sandstone.  Ft.  in. 

Coal 1  6 

Slate 8 

Coal 1  2 

Clay.  

3    4 

This  indicates  a  better  condition  of  the  bed,  but  probably  it  is  so 
variable  as  to  be  worthless  for  mining  on  a  commercial  scale. 

BLACK  SHALE  AND  BUCK  BEDS. 

The  type  locality  of  the  Black  Shale  and  Buck  beds  is  near  Helena, 
where  they  have  been  opened  and  worked  to  some  extent.  The 
attempt  to  identify  them  north  of  the  type  locality  is  very  unsatis- 
factory, on  account  of  scarcity  of  exposures  and  the  number  of  thin 
beds  occurring  between  the  Little  Pittsburg  and  the  Wadsworth 
coals. 

Ilenryellen  hamn, — A  bed  exposed  on  the  Central  of  Georgia  RaU- 
way  three-fourths  of  a  mile  northwest  of  Henryellen,  and  having  the 
following  section,  may  be  the  Black  Shale  bed. 

aOp.  cit.,  p.  54. 
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Section  of  Black  Shale  bed  (?)  on  Central  of  Georgia  Railway ^  three-fourths  of  a  mile 

northwest  of  Henry ellen  {No.  19). 

Shale.  Ft.  In. 

Coal 6 

Clay 7 

Coal 1 

Clay 1 

Coal 1    2 

Clay 6 

Coal 5 

Gay.  

3    4 

This  bed  may  be  represented  by  smut  on  the  Truss ville  road,  as 
shown  on  section  2,  PL  VI,  p.  86.  A  prospect  pit  on  Black  Creek,  not 
seen  by  the  writer,  but  apparently  between  what  is  identified  as  the 
Buck  bed  and  the  Little  Pittsburg  bed,  may  also  be  on  the  Black 
Shale.  There  are  other  prospect  pits  on  Snake  Branch  at  about  the 
horizon  of  this  bed,  but  they  were  closed  and  the  coal  could  not  be 
seen. 

A  coal  bed  2  feet  thick,  exposed  by  a  prospect  on  Black  Creek  one- 
fourth  of  a  mile  east  of  the  Central  of  Georgia  Railway  (No.  20),  is 
regarded  as  the  possible  representative  of  the  Buck  bed.  What  is 
possibly  the  same  bed  shows  the  following  section  on  the  Trussville 
road,  about  half  a  mile  west  of  Black  Creek: 

Section  of  Buck  bed  (?)  on  Trussville  road  (No.  21). 
Shale.  Ft.    in. 

Coal 4 

Clay 4J 

Coal 8 

Clay 1 

Coal,  dirty 1 

Clay.  

2    5i 

The  sections  given  above  are  the  best  that  were  seen  in  this  basin 
between  the  Little  Pittsburg  and  the  Harkness  beds.  None  show 
more  than  2  feet  of  coal,  and  these  beds  are  not  minable  with  profit 
under  present  conditions.  They  may  be  minable  in  places  at  some 
future  day  and  it  does  not  seem  that  they  should  be  ignored  in  esti- 
mating the  amount  of  available  coal  in  the  basin.  It  is  therefore 
assumed  that  the  Black  Shale  and  Buck  beds  will  together  furnish 
minable  coal  in  the  Henryellen  basin  equivalent  to  a  bed  2  feet  thick, 
over  the  area  of  the  Buck  bed. 

Little  Cahaha  basin, — Neither  the  Buck  nor  the  Black  Shale  bed  is 
known  to  be  of  value  in  the  Little  Cahaba  basin.  A  bed  21  inches 
thick  in  the  road  on  the  west  side  of  the  basin  (No.  22)  may  be  the 

9411— Bull.  316—07 7 
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Black  Shale.  Other  pomts  at  which  apparently  the  same  coal  was 
seen  are  indicated  on  the  map. 

Acton  hdsin. — There  are  many  thin  beds  below  the  Little  Pittsburg 
in  this  basin,  some  of  which  undoubtedly  represent  the  Black  Shale 
and  Buck  beds.  So  far  as  observed  none  of  these  beds  have  sufficient 
thickness  to  be  of  value. 

Helena  and  Eureka  basins, — ^At  the  type  locaUty  west  of  Helena 
(No.  23)  the  Black  Shale  bed  is  reported  by  Squire  to  be  all  coal  and 
3J  feet  thick.  One-half  mile  south  of  the  Louisville  and  Nashville 
Railroad  the  following  section  of  the  bed  was  measured: 

Section  of  Black  Shale  coal  bed  one^lf  mile  sotUh  of  LotdsvCUe  and  Na$hville  Railroad 

(No.  S4). 

Ft.   In. 

Sandstone 5 

Shale 1 

Clay 2 

Coal 4    3 

Floor  not  exposed.  

Total  coal  bed 4    3 

One-half  mile  farther  south  a  thickness  of  4  to  5  feet  is  reported. 
No  other  measurements  of  this  bed  were  obtained  north  of  Mossboro, 
where  in  a  railroad  cut  (No.  25)  a  bed  which  may  be  the  Black  Shale 
is  exposed,  with  a  thickness  of  3  feet  2  inches.  The  average  of  all 
measurements  obtained  is  3  feet.  It  is  therefore  assumed  that  the 
Black  Shale  bed  contains  2  J  feet  of  minable  coal  in  the  Helena  and 
Eureka  basins. 

The  Buck  bed  at  the  mine  of  the  Pratt  Cahaba  Coal  Company, 
near  Falliston  (No.  26),  is  soUd  coal  and  ranges  from  2  feet  5  inches 
to  3  feet  in  thickness.  At  Mossboro  (No.  27)  what  appears  to  be  the 
Buck  bed  has  a  thickness  of  only  15  inches.  These  measurements 
indicate  an  average  thickness  of  26  inches,  and  2  feet  is  therefore 
assumed  as  the  thickness  of  minable  coal  in  the  Helena  and  Eureka 
basins. 

COKE  BED. 

The  Coke  is  a  good  bed  in  the  southern  part  of  the  Cahaba  field,  but 
if  it  is  present  in  the  northern  part  it  can  not  be  identified  except 
possibly  near  Mossboro,  on  the  south  boundary  of  the  area  under  dis- 
cussion. At  this  point  (No.  28)  there  is  an  abandoned  mine,  appar- 
ently in  the  Coke  bed,  which  shows  a  thickness  of  2  feet  4  inches  of 
coal.  No  account  is  taken  of  this  bed  in  computing  the  tonnage  of 
the  field,  as  nothing  further  is  known  of  its  extent. 
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WAD8WORTH  BED. 

So  far  as  known  the  Wadsworth  is  the  next  bed  of  mmable  pro- 
portions below  the  Buck  bed  in  this  area,  except  possibly  the  Coke 
bed  at  Mossboro  as  just  described. 

HenryeUen  hasin, — In  the  Henryellen  basin  the  Wadsworth  bed 
does  not  appear  to  be  thick  enough  to  be  mined  to  any  extent  except 
near  the  south  end  of  the  basin  on  Cahaba  River.  Near  Parsons 
station,  on  the  Seaboard  Air  Line  Railway,  at  the  north  end  of  the 
basin,  the  following  section  was  measured : 

Section  of  Wadsworth  bed  near  Parsons  station  {No.  £9). 

Ft.   in. 

Shale 3 

"Rash" 1 

CJoal 5 

Parting J 

Coal 5 

Parting } 

CJoal 9 

Parting } 

Coal 5 

Clay. 

Total  coal  bed 2    If 

At  location  No.  30,  a  short  distance  south  of  No.  29,  the  coal  is  only 
15jl  inches  thick  immediately  under  60  feet  of  sandstone.  These 
sections  do  not  indicate  a  workable  bed  in  this  part  of  the  basin,  nor 
is  it  known  to  be  of  workable  thickness  between  this  locality  and  the 
Birmingham-Leeds  road.  On  the  west  side  of  Cahaba  River,  one- 
half  mile  above  the  highway  bridge  (No.  31),  the  bed  contains  approxi- 
mately 5 J  feet  of  pure  coal.  On  Kanetuck  Branch  (No.  32),  one-half 
mile  south  of  No.  31,  the  bed  is  2  feet  4  inches  thick,  all  coal.  If  the 
conception  of  the  structure  in  this  locaUty  is  correct,  there  is  only  a 
small  area  of  workable  coal  here,  inasmuch  as  the  bed  would  be 
faulted  out  one-half  mile  east  of  the  outcrop.  If,  however,  the 
thickness  existing  at  locations  Nos.  31  and  32  persists  for  a  con- 
siderable distance  to  the  north,  as  may  be  the  case,  the  Wadsworth 
bed  would  contain  workable  coal  worth  considering  in  estimating  the 
general  tonnage  of  the  field.  Since  these  points  are  not  certainly 
determined,  the  Wadsworth  bed  is  not  t^ken  into  account  in  the 
HenryeUen  basin. 

LvtUe  CJdhdba  basin. — As  set  forth  in  the  discussion  of  the  general 
correlation  of  coals  (pp.  82-86),  there  isdiflBculty  in  the  identification 
of  the  lower  coals  in  this  basin  on  account  of  the  fault  which  is  sup- 
posed to  exist  along  its  west  side.     According  to  the  interpretation  of 
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the  writer,  the  bed  now  mined  for  coal  for  use  at  the  waterworks  pump- 
ing station  is  the  Wadsworth.  It  is  supposed,  also,  that  the  same  bed 
was  worked  at  the  old  mine  near  the  station  (No.  33),  in  which  the 
fault  was  encountered  that  led  to  the  abandonment  of  the  mine  and 
the  removal  to  the  present  location. 

The  character  of  the  bed  at  the  mine  now  in  operation,  1  mile  south- 
east of  the  pumping  station,  is  shown  by  the  section  below: 

Section  of  Wadsworth  bed  at  pumping  station  mine  (No.  34)- 

Ft.   in. 

Shale 8 

Coal 2    8 

Shale 3 

Coal 1    4i 

Clay 7 

Coal 5 

Clay 5i 

Coal,  variable GJ 

Shale. 

Total  coal  bed 6    3  § 

The  bed  at  this  point  is  about  250  feet  below  the  conspicuous  heavy- 
white  sandstone  which  makes  the  ridge  east  and  northeast  of  the 
pumping  station.  (PI.  VI,  p.  86.)  As  shown  on  the  map,  the  bed  is 
slightly  displaced  by  the  fault  in  the  locality  of  the  old  mine  (No.  33). 
Northeast  of  this  region  the  identity  of  the  bed  is  more  or  less  uncer- 
tain and  nothing  is  known  of  its  thickness  and  character.  A  small 
showing  of  coal  in  a  ravine  east  of  the  fault,  about  1  mile  northeast  of 
the  pumping  station  (No.  35)  is  supposed  to  be  in  this  bed,  and  a  thin 
coal  bed  outcropping  in  vertical  shale  toward  the  north  end  of  the 
basin,  about  one-half  mile  south  of  the  Birmingham-Leeds  road 
(No.  36),  is  possibly  the  Wadsworth. 

In  view  of  the  very  meager  data  concerning  the  Wadsworth  bed  in 
this  basin  it  seems  hazardous  to  venture  an  estimate  of  the  amount  of 
coal  that  it  carries.  The  sections  obtained  in  the  south  end  of  the 
Henry ellen  basin  at  locations  Nos.  31  and  32  afford  some  basis  for 
judging  of  its  condition  in  the  north  end  of  the  little  Cahaba  basin. 
All  the  facts  being  taken  into  account,  the  bed  may  reasonably  be 
assumed  to  contain  on  the  average  2  feet  of  workable  coal.  * 

Acton^  Helena,  and  Eureka  Inisins. — The  Wadsworth  is  known  to  be 
of  workable  thickness  aloRg  most  of  its  outcrop  in  the  Acton,  Helena, 
and  Eureka  basins  and  may  be  assumed  to  be  workable  throughout 
the  area  of  these  basins.  On  Acton  Oeek,  at  the  north  end  of  the 
Acton  basin  (No.  37)  an  exposure  of  what  may  be  the  Wadsworth 
shows  1 8  inches  of  coal,  and  probably  the  entire  bed  is  at  least  2  feet 
thick.  Near  Cahaba  River,  on  the  east  side,  one-half  mile  south  of 
Bains  Bridge  (No.  38),  is  an  opening  in  this  bed  at  which  18  inches  of 
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coal  is  in  sight,  the  bottom  not  being  exposed.  The  bed  is  probably  2 
feet  or  more  thick.  On  Cahaba  River,  farther  south,  near  Langston 
ford,  this  bed  shows  the  following  section: 

Section  of  Wadsworth  bed  one-half  mile  north  of  Langston  ford  (No.  S9). 

Ft.      In. 

Shale 8 

Coal 3  9-f 

Clay 4? 

Coal 3 

Total  coal  bed ." 4    4 

Near  the  water's  edge  on  the  east  side  of  the  river  at  Langston  ford 
the  coal  is  reported  at  least  2i  feet  thick  by  Mr.  Roy,  an  old  resident 
of  the  locality.  South  of  Sydenton  is  the  Star  Cahaba  No.  2  mine, 
at  which  the  following  section  was  obtained : 

Section  of  Wadsworth  bed  at  Star  Cahaba  No.  2  mincy  south  of  Sydenton. 

Sandstone.  Ft.     In. 

Shale 2-6 

Coal 2        1 

"Rash" 7§ 

Clay 1 

Shale. 

Total  coal  bed 3        8J 

The  bed  is  said  to  average  3  feet  in  thickness.  This  agrees  approx- 
imately with  the  statement  of  Mr.  Squire,  who  has  had  much  experi- 
ence in  mine  surveys  in  this  locality.  He  considers  the  average 
thickness  to  be  3  feet  3  inches.  On  account  of  the  anticlines  and 
synclines  the  outcrop  of  the  bed  is  repeated  three  times  along  the 
Louisville  and  Nashville  Railroad.  There  is  an  imperfect  exposure 
at  Tacoa  (No.  40),  and  the  bed  was  originally  worked  near  this  point 
by  Frank  Wadsworth,  from  whom  it  takes  its  name. 

Little  is  known  of  the  bed  south  of  Tacoa,  but  an  old  mine  one-half 
mile  west  of  Roebuck  station  (No.  41)  and  an  old  pit  east  of  the  big 
bend  of  the  Cahaba  one  mile  northwest  of  Coalmont  (No.  42)  appear 
to  be  on  the  Wadsworth.  One-half  mile  northwest  of  Mossboro 
(No.  43)  the  bed  shows  5  feet  of  'coal.  The  average  thickness  of 
workable  coal  in  this  bed  in  the  Acton,  Helena,  and  Eureka  basins 
may  be  safely  taken  as  2  J  feet.  The  bed  is  said  to  have  an  excellent 
roof  wherever  it  has  been  mined,  and  it  may  be  considered  one  of  the 
most  valuable  in  the  southern  part  of  the  area  discussed  in  this  paper. 

HARKNESS  BED. 

Although  the  type  locality  of  the  Harkness  bed  is  on  the  Louisville 
and  Nashville  Railroad  northwest  of  Sydenton,  the  coal  is  too  thin 
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to  be  of  value  in  this  area  except  in  the  Henryellen  and  possibly  in 
the  Little  Cahaba  basin. 

HenryeUen  basin. — At  the  Margaret  mine  at  Davis,  3  miles  north- 
east of  Parsons  station  and  about  1  mile  east  of  the  territory  repre- 
sented by  the  map,  the  bed  presents  the  following  section : 

Section  of  Harhuss  bed  at  Margaret  minej  S  miUs  northeast  of  Parsons. 

Shalt*.  Ft.  In. 

Clay ! 1 

Coal 7i 

Clay 4§ 

Coal 7* 

Clay 9 

Coal 2  6 

Clay 1  8 

Total  coal  bed 4    lOJ 

Near  Parsons  station  is  a  prospect  pit  (No.  44)  at  which  the  coal 
is  reported  to  be  of  good  thickness.  Just  south  of  the  Trussville 
road  the  following  measurement  was  obtained  at  an  old  mine : 

Section  of  Harhness  bed  near  TmssvilU  road^  one-half  mile  east  of  Cahaba  mine  (No,  4S). 

Ft.     In. 

Slialfi 8 

Clay  with  streaks  of  coal 1 

Bone 1 

Coal 6 

"Rash" 1 

Coal 8 

Clay I      5 

Bono 1 

Coal I 

Clay 4 

Coal 1§ 

Coal,  solid 1      2 

Coal,  crushed  (?) 2      6 

Clay. 

Total  coal  bed 7    11 J 

The  lower  30  inches  of  coal  at  this  point  has  a  peculiar  shattered 
or  hackly  appearance,  as  if  it  had  been  crushed.  The  same  feature 
was  noted  at  a  pit  on  the  Southern  Railway  and  at  intermediate 
points.  It  seems  likely  that  this  condition  is  due  to  some  peculiar 
original  constitution  of  the  bench  which  has  been  revealed  by  weather- 
ing, rather  than  the  result  of  crushing  due  to  folding,  inasmuch  as 
none  of  the  other  coals  of  the  region  exhibit  such  characteristics  nor 
does  the  Harkness  bed  at  other  localities. 
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•    . 


This  coal  has  been  thoroiighly  prospected  from  fku  Trussville  road 
to  Snake  Branch,  1  mile  south  of  the  Southern  Railway,  and  for  nearly 
the  whole  distance  it  shows  a  workable  thickness.  I^^he  NW.  J  sec. 
5,  T.  17  S.,  R.  1  E.,  it  has  the  following  section: 


^  •  •  • 


SectUm  of  Harkness  bed  in  NW.  i  «ec.  5,  T.  17  S,,  R,  1  E.  {N9\  4fi). 

•  •  .*^ 

.■^•-  In. 

Coal,  with  thin  streaks  of  dirt  (?) T..*'  T 

Clay 1  -'2 

Coal,  crushed • 3    la-' 


6    7  •,.-:; 

On  the  Central  of  Georgia  Railway  the  bed  has  an  imusual  amoufiV  ' 
of  bony  coal-  and  exhibits  the  section  given  below : 

Section  of  Harkness  bed  on  Central  of  Georgia  Railway  (No.  47). 

Ft.    In. 

Coal 1 

Coal,  bony 1    4 

Clay 1 

Coal 8 

Coal,  bony 1 

Coal 1    2 

6    2 

On  the  Southern  Railway  the  bed  is  considerably  diminished  in 
thickness  and  much  less  valuable  than  farther  north.  The  section  at 
this  place  is  as  follows: 

Section  of  Harkness  bed  on  Southern  Railway  ( No.  48). 

Ft.    in. 

Shale 3 

Coal 2 

Clay 1 

**Raflh" 8 

Coal 9 

Clay  and  coal 5 

Coal,  crushed,  soft 11 

Clay. 

Total  coal  bed 3    11 

The  deterioration  in  the  value  of  the  coal  bed  increases  to  the 
southwest,  and  om  Snake  Branch  1  \  miles  southeast  of  Lovick  (No.  49) 
it  is  broken  by  so  many  partings  as  to  be  worthless. 
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«    • 


Nothing  is  known'  of  the  coal  from  Snake  Branch  to  Cahaba  River, 
but  near  the  riTer  the  bed  is  considerably  improved,  as  shown  by  the 
following  sectkin'exposed  a  short  distance  above  the  mouth  of  Hogpen 
Branch : 


•    • 


Section  of  Sforhness  bed  near  Cahaba  River  /J  mile^  above  mouth  of  Hogpen  Branch 

.•;.•.■;  (No.  SO). 

•.      •.  Ft.  in. 

',>lay 1 

■  .  Coal • 1  8 

riay  and  dirty  coal I  7 

.   ;  -  Coal 9 

Clay 5 

.  '      Coal 1§ 

Clay 1 

Total  coal  bed 4  6J 

One-third  mile  farther  south  another  section  was  taken,  as  follows: 

Section  of  Harkness  bed  on  north  side  of  Cahaba  River  near  Birmingham-Leeds  road 

(Ao.57). 

Sandstone.  Ft.  in. 

Clay,  coaly 4 

Coal 1  6 

Clay 4 

Coal 2J 

Clay 1§ 

Coal,  dirty,  and  clay 3 

Clay....! ' 1 

Coal 4 

Clay i 

Coal h 

Clay i 

Cool i 

Clay 1 

Coal § 

Clay 4 

Cod 11 

Clav I 

Coal i 

Clay 4} 

Coal 2 

Clay 1 

6  41 


NORTHERN    PART    OF    CAHABA    COAL   FIELD,   ALABAMA.  108 

Still  farther  southwest,  in  the  SE.  }  sec.  32,  T.  17  S.,  R.  1  W.,  the 
following  section  was  obtained : 

Section  of  Harhneis  coal  in  the  SE.  \  sec,  S2,  T.  17  S.,R.l  W,  {No.  52). 

Ft.     In. 

Sandstone 25 

Clay 7 

Coal 1     10 

Clay 3 

Coal ' 3§ 

Clay 7 

Coal 3 

Shalo. 

Total  coal  bed 3      9  J 

At  this  locality  the  bed  is  so  dirty  and  contains  so  little  coal  that  it 
is  practically  worthless.  Still  farther  south,  near  the  center  of  the 
east  line  of  sec.  12,  T.  18  S.,  R.  2  W.  (No.  53),  is  the  outcrop  of  a  coal 
bed  over  2  feet  thick  which  is  probably  the  Harkness. 

The  average  thickness  of  coal  in  16  measured  sections  of  the  bed 
from  the  Margaret  mine  to  the  south  end  of  the  Henryellen  basin  is  3 
feet,  and  it  is  assumed  that  the  bed  contains  that  amoimt  of  minable 
coal  throughout  the  basin. 

LiMle  Cahaba  bdsin. — As  shown  in  the  discussion  of  correlations 
(pp.  82-86)  and  on  the  map  (PI.  V,  p.  80),  the  outcrop  of  the  Harkness 
bed  is  probably  repeated  on  the  east  side  of  the  fault  extending  from 
Hogpen  Branch  to  the  waterworks  pumping  station.  The  following 
section  of  the  supposed  Harkness  in  this  basin  was  measured  in.  a 
prospect  pit  on  the  Birmingham-Ijeeds  road,  1  mile  east  of  the  river: 

Section  of  Harkness  bed  on  the  Birmingham' Leeds  road,  1  mile  east  of  Cahaba  River  ( No.  54)- 

Ft.      in. 

Shale 10 

Coal 2      8 

Clay 1 

Cool 10 

Clay. 

Total  coal  bed 4      6 

Near  this  point  fossil  plants  were  collected  which  David  White 
regards  as  probably  representing  the  horizon  of  the  Harkness  bed. 


Mrtml  hH\i  %  rriilA  ^^if.hw^t  /jI  thU  prrj^pect  pit  is  another  opening 
Mf  fh^  QAr/rA  (r#K|  whi/-.h  ^h/yw«i  fh^  frJIowin^  .section: 

/9/*^/V/f/i  /i/  tlmht^nn  hut  t$  lit f If  iHntth  f^  fhf  Hirmingham-I^.^  road,  1  mUt  eaat  of  Cahaba 

Uitrr  (So,  6S). 

Ft.     In. 

mml#.  10 

itmi  3  4 

M«y  IJ 

l^imi  2 

rlnv  2 

Ifrll  1  1 

Mtifil«>  m  I'Ifiv 

'h.fnl  mm)  IhmI 4     lOJ 

III  I  III*  imimI  iiImiiiI  half  a  inilo  niHt  of  tho  river,  near  the  line  between 
R«M>9  M:l  iiimI  'U,  wliui  wnH  rooo^nixiHl  hh  tho  Ilarkness  bed  is  exposed 
hI  (^m  |tiiiiilR  hour  riM'h  otiirr  hut  in  opposite  sides  of  a  subordinate 
iQVlM'lino      At  tiio  wimtf^rnoxpoHurtMhofollowingsectionwasmeasured: 

i^»fl4t«H  »«y  lh»^»hit*  fH%f  oM  fUrminithttm-liirfth  hnm/.  ow-haff  mile  east  of  Cahaba  River 

M|mU»  •  F*et. 

^^^^^  -I 

ru\  1 

^Ny^i  1 

IS 

IV  «h\*o<uiv  At  0\i<  l\V5ilav.  «.<  well  as  the  similarity  of  the  ccmI 
^vi^\M^*.  ^U>M\^(\  uulu'iiti;^  thiit  the  o\vil  l^:?  showin^  AC  Xofiw  ^L 
xx.  N^(\x(  .Mi  <^kv  tihv  ^tue  lyst     The  writer  has  Uv^  knowfed^  of  thb 

Ksi  U*^v^>v^K  ^Ih^  IUnu«\^uiut-Ke*\ts  rvvi^i  atut  the  uocthnMst 

xt'»v*  itts»N\*'.:^%<  v^w^   t  f\\^  s^jf  vvaI     The  p».x<t:io£i  of  :bu»  bied  vilk 
^■>.v.>.   ^\t   iN\vii,**;j  o«  '  ^  ^vki^j-.Krir    o  i.^ti  >ec.s  :i  "bif  X*imiilil>r  jfMUy 


K 


k 


NORTHERN    PART   OF   CAHABA   COAL   FIELD,  ALABAMA.  105 


NUNNALLY   GROUP   OF   COALS. 

It  seems  best  to  treat  as  a  group  the  apparently  varying  number  of 
coal  beds  occurring  in  the  zone  that  includes  the  Nunnally  bed  of 
the  type  locaUty  on  the  Louisville  and  Nashville  Railroad,  one-half 
mile  northwest  of  Sydenton;  for  it  would  be  very  difficult  and  imcer- 
tain,  if  not  impossible,  to  identify  any  individual  bed  as  the  Nunnally 
throughout  the  northern  part  of  the  field.  The  group  includes  the 
*'  Five  group"  of  Squire,  the  type  locality  of  wliich  is  apparently  near 
the  center  of  sec.  18,  T.  20  S.,  R.  3  W.,  where  five  thin  beds  are 
exposed  near  the  road  between  Genery  Gap  and  Helena.  On  the 
Birmingham-Leeds  road  just  west  of  the  Cahaba  River  bridge  no  less 
than  six  thin  beds  of  this  group  are  exposed.  The  lowest  of  these  is 
mapped  as  the  Nimnally  of  the  type  locaUty  from  the  south  margin 
of  the  field  northward  to  the  Birmingham-Leeds  road.  From  that 
point  to  the  north  end  of  the  field  the  next  upper  bed  has  been 
mapped,  but  it  is  by  no  means  certain  that  the  correlation  implied 
in  this  mappmg  is  correct.  The  mappmg,  however,  serves  to  connect 
the  group  of  coal  beds  throughout  and  to  show  the  approximate  posi- 
tion and  extent  of  its  outcrop. 

This  group  imderlies  all  the  basins,  and  consequently  its  distribu- 
tion is  treated  for  the  whole  field  and  not  by  individual  basins,  as 
has  been,  done  in  the  case  of  the  higher  beds.  Except  for  a  small 
area  south  of  Bamford,  the  workable  coals  of  this  group  are  roughly 
limited  on  the  north  by  the  Birmingham-Leeds  road  and  on  the 
south  by  Patton  Creek.  Within  these  limits  one  or  more  of  the  beds 
are  well  developed  and  contain  much  good  coal.  In  a  single  locality, 
about  1  mile  south  of  the  Acton  ford,  there  are  three  workable  beds, 
but  at  no  other  place  are  there  known  to  be  more  than  two  workable 
beds.  The  three  beds  at  the  above-mentioned  place  are,  for  con- 
venience, designated  the  Upper,  Middle,  and  Lower  Nimnally. 

UPPER   NUNNALLY   BED. 

The  only  complete  exposure  of  the  Upper  Nunnally  bed  is  at  a 
prospect  pit  three-fourths  of  a  mile  south  of  the  Acton  ford,  south 
of  the  river  and  near  the  bank  (No.  61).  Here  the  bed  contains  2 
feet  of  coal  between  layers  of  sandstone.  Though  this  be<i  is  un- 
doubtedly represented  by  some  of  the  thin  coals  north  of  this  point, 
no  bed  in  a  corresponding  position  thick  enough  to  work  has  been 
observed,  and  hence  it  is  ignored  in  estimating  the  resources  of  the 
field. 

MIDDLE    NUNNALLY    BED. 

llie  Middle  Nunnally  is  known  to  be  a  valuable  bed  locally,  and 
it  may  have  a  greater  workable  extent  than  is  now  recognized. 
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On  the  west  side  of  Owens  Mountain,  on  the  Tnissville  road  (No. 
62),  it  shows  1  foot  7  inches  of  coal  overlain  by  5  inches  of  dirty  coal. 
About  25  feet  below  this  exposure  are  three  small  beds  2  to  6  inches 
thick.  The  Middle  Nunnally  bed  was  measured  on  the  Southern 
Railway  half  a  mile  east  of  Lovick,  where  it  exhibits  the  following 
section : 

Section  of  Middle  Nunnally  bed  on  Southern  Railway  one-half  mile  east  of  Lovick  {No,  65). 

Ft.  In. 

Shale 1 

Coal 4 

Shale  and  clay 3 

Dirty  coal 2 

Clay : 5 

Coal 4 

Clay 7 

Coal 11 

Clay li 

Coal 6 

Clay 4 

7      8} 

On  the  Birmingham-Leeds  road  a  short  distance  west  of  Cahaba 
River  this  bed  shows  the  following  section: 

Section  of  Middle  (f)  Nunnally  coal  bed  on  the  Birminghavi-Leeds  road  west  of  Cahaba 

River  (No.  04). 

Ft.  in. 
( V>al 9 

(lay 2      3 

Coal 1      2 

4      2 

The  general  worthlessness  of  this  group  of  coal  beds  north  of  the 
Birmingham-Leeds  road  is  shown  by  the  sections  given  above.  South 
of  the  road  the  Middle  Nunnally  bed  improves  greatly,  as  shown 
by  the  following  section  obtained  in  the  SW.  }  sec.  32,  T.  17  S., 
R.  IW.: 

Section  of  Middle  Nunnally  bed  in  the  SW.  i  sec.  S2,  T.  77  S.,  R.  1  W.  (No.  65). 

Sandstone.                                                                                             Ft.  In. 

Coal 3  1 

Coal,  bony 1 

Coal ' 1  11 

Clay.  

6 

About  2  miles  farther  southwest  on  the  east  bank  of  the  river,  in  the 
NE.  J  sec.  12,  T.  18  S.,  R.  2  W.,  the  section  below  was  measured. 
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Seeiianqf  Middle  Nunm^  hedmtke  NE.  i  $ee.  Jt,  T.  18  8.,  R.  t  W.iNo.Ofi). 

Sandflbme.  ladiMi. 

Coal 3    4 

"Rash" 2 

Coal 7    1> 

Clay 7     H 

Coal y. 

Clay 0    7 

Coal 1ft 

The  bed  holds  this  section  for  cMie-fourth  mile  ^/uth»'ei»t  '/f  tlie  nvtsr 
and  then  begins  to  deteriormte.  Half  a  mile  Miuthwefit  r/f  tlie  i>^/iiji 
at  which  the  preceding  section  was  obtained  it  ha«  tfairiiied  Uf  i\m  loU 
lowing  secticm: 

Steikm  €f  MidOe  SnmJig  Uiimlkft BW,  |  mc,  tt.  T,  tH H..  H.  Z  W.    So.  ///, 

Coal M 

day I 

Corf K 

The  writer  has  no  knovln^e  </f  the  Middle  Xuiijiaih'  a^^t  «  i»'yficabi^ 
bed  between  the  locaJitT  jost  described  acad  a  f^^fjt  ^hf^-I^Pinl*^  '4  « 
mile  soath  of  the  ^lelMB  f<«d.  In  tiif^  iatl^Hr  ^j^M^Xy.  Sj^^^  ^1$^.  ^^p^^h 
bank  of  the  rirer.  i^  a  tlodk  bed.  wjbad'j  i^  ^j;^/»^  i//  ^^  lij^  ^;;/^  3^* 
that  described  ab^/re.  Tlner*'  a/*r  twv  ^r^jjijz*  i^  «  V'^i^  'M/art  af 
which  the  i^JUkimmt:  ^^tsuti^m^  w^snr  'JkAMii^ 


StKfinvm  y  Mtitdk  ^vmtmuf  ut€  vt^^^ta'/  w>>x  •->i/i#  V  '>•.»    tfv*  /vr    '»'^  <x 


fojad. 


/ 


Tvub  •naiiiMC 


» 


''^.^  vftt  <tfim>  Iff  •Mtft 


4 
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Nothing  is  known  of  this  bed  either  north  or  south  of  the  Acton 
ford,  and  it  Ls  doubtful  whether  it  preserves  the  thickneas  shown  above 
for  any  great  distance.  The  facts  at  hand  indicate  that  the  Middle 
Xunnally  Ls  subject  to  extreme  variations  in  character  and  thickness. 

U>WER    XUNXALLY    BED. 

The  I»wer  Nunnally.  a^s  identified,  sLows  only  a  streak  in  the  Bir- 
mingham-I>^e<l.s  road.  It  increases  in  thickness  farther  south,  and 
in  the  SW.  J  sec.  32,  T.  17  S.,  R.  1  W..  near  the  west  bank  of  the  river, 
shows  the  fjilKming  section : 

Sertum  of  lAwer  Sunnally  bed  in  thi  S  W.  \  sec.  J^,  T.  77  .S.,  R.  1  W.,  near  the  vtti  bank 

of  f'ahaba  Rirrr  <  Xo.  Kn. 

Ft.  ID. 

Shal<- 5 

O/al.  variable 1    5 

Clay 4 

Coal 4 

Clay , 2J 

Total  c:r>al  hwl 5    9 

It  improves  still  farther  south,  and  near  the  river  in  the  SE.  J  sec. 
1,  T.  IS  S.,  R.  2  W.,  has  the  following  section: 

Sertitm  nf  Loiirr  Siinnnlhj  bed  nrnr  Cahaba  River,  in  the  SE.  \  sec.  /,  T.  18  S..  R.  t  W, 

lAo.  71). 

Ft.  in. 

Shall' 10 

(Wl 2 

Clay 3 

C<wl.        • 1 

Parting 1 

Ccnil 1 

Total  iiiullMHl 4    4 

Half  a  mile  southwest  of  the  above-described  point  (No.  72)  the 
bed  is  4  feet  thick,  with  a  3-inch  parting  of  clay  and  "rash"  near 
th(»  middle.  Half  a  mile  farther  south,  near  the  west  side  of  sec.  12, 
in  the  same  township  and  range  (No.  73),  the  bed  is  30  inches  thick, 
all  coal. 

Ill  the  northeast  comer  of  sec.  13,  T.  18  S.,  R.  2  W.  (No.  74), 
wliat  is  believed  to  be  the  Lower  Nunnally  is  again  brought  to  the 
surface  on  the  east  side  of  the  fault.  At  this  point  it  is  28  inches 
thick.  If  the  interpretation  of  the  structure  and  identification  of 
the  coals  are  correct,  the  Nunnally  beds  must  outcrop  east  of  the 
fault  in  the  tract  between  it  and  the  Ilarkness  bed,  as  mapped. 
Since  nothing  is  known  of  the  coals  except  at  the  point  just  described 
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and  possibly  one  or  two  others  in  the  immediate  vicinity,  the  Nun- 
nally  beds  are  not  mapped  in  this  tract. 

The  outcrop  of  the  Lower  Nunnally  has  been  traced  carefully  by 
prospectors  southward  almost  continuously  to  the  Acton  ford,  but 
the  writer  has  no  information  as  to  its  condition  except  at  a  few 
points.  One-half  mile  south  of  the  waten^^orks  pumping  station  the 
bed  is  exposed  in  a  pit  and  has  the  following  section: 

Section  of  Lower  Nunnally  bed  one-half  mile  touth  of  the  pumping  station  {No.  75). 

Shale.  Ft.  in. 

Coal 1    8 

Clay 10 

Coal 1 

3    6 

At  a  pit  about  1  mile  south  of  the  pumping  station  (No.  76)  the 
bed  is  2  feet  thick.  About  1  mile  northeast  of  the  Acton  ford,  on 
the  east  side  of  the  river,  the  coal  bed  has  the  section  given  below: 

Section  of  Lower  Nunnally  bed  1  mite  northeast  of  Acton  ford  (No.  77). 

Ft.  in. 

Coal 1 

Clay 2 

0«d 1 

Clay 2 

Coal 1 

Clay 3 

Coal 4 

Clay 1 

Coal 2 

3  3 

At  this  point  there  is  a  bed  1  foot  thick  15  to  20  feet  below  the 
I»wer  Nunnally,  and  above  it  the  outcrops  of  two  coal  beds  show  in 
the   road.    At  the  Acton  ford  the  bed  has  the  following  section: 

Section  cf  Lower  Nunnally  bed  at  Acton  ford  (No.  78). 

Shale.  Ft.  in. 

Ojal 1 

Shale 4 

Coal 1 

Shale,  variable 4J 

Coal 3    8 

Shale.  

4  6i 
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One-half  mile  southwest  of  the  Acton  ford  there  are  two  other 
openings,  at  which  the  bed  exhibits  sections  practically  identical 
with  the  preceding.  Two  niiles  farther  southwest,  near  Patton 
Creek,  the  following  section  was  measured : 

Section  of  Lower  Nunnally  coal  near  Patton  Creek  (No.  79). 

Shale.  Ft.  In. 

Coal 6 

Clay 10 

Coal 9 

Clay,  variable 2i 

Coal,  variable 1    6 

3    9} 

The  bed  is  traceable  farther  southwest  and  is  reported  to  be  7  feet 
thick  at  a  point  IJ  miles  southwest  of  Patton  Creek  (No.  80).  The 
bed  is  not  exposed,  and  the  writer  has  no  way  of  verifying  the  report, 
but  it  is  regarded  as  very  doubtful.  This  bed  can  be  pretty  surely 
traced  to  an  opening  near  the  Louisville  and  Nashville  Railroad,  the 
type  locaUty,  at  which  the  following  section  is  disclosed : 

Section  of  Lower  Nunnally  coal  near  the  Louisville  and  Nashville  Railroad  (No,  81), 

Ft.  in.     • 

Coal 6 

aay 2 

Coal 6 

Shale 25 

Coal 1 

Shale.  

27  2 

Whether  the  lower  bed  shown  in  the  preceding  section  is  the  orig- 
inal Nunnally  the  writer  could  not  ascertain  with  certainty.  A 
still  lower  bed  is  reported  on  the  Nunnally  place,  but  no  exposure 
could  be  seen  at  the  time  of  the  writer's  visit,  and  no  information  as 
to  its  thickness  and  character  could  be  obtained.  As  stated  on  a 
preceding  page,  there  are  five  thin  beds  of  this  group  exposed  2  miles 
southwest  of  the  Louisville  and  Nashville  Railroad  (No.  82),  and 
this  has  probably  given  rise  to  the  expression  "Five  group"  used 
by  Squire  for  the  Nunnally  group.  About  IJ  miles  south  of 
Bamford  (No.  83)  one  of  the  beds  of  the  group  is  reported  24  inches 
thick,  but  the  report  could  not  be  verified.  With  this  possible  ex- 
ception, no  bed  of  value  is  known  in  the  group  south  of  Patton  Creek. 

The  average  thickness  of  coal  in  all  the  good  sections  of  the  Lower 
Nunnally  bed  from  the  Birmingham-Leeds  road  to  Patton  Creek  is 
2  feet  8  inches.  No  effort  is  made  to  compute  the  coal  of  the  other 
beds  separately,  because  their  workable  areas  appear  to  be  so  irreg^ 
ular  as  to  defy  reliable  calculation.  Since  they  are  known  to  con- 
tain some  workable  coal,  however,  it  is  arbitrarily  assumed  that 
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the  amount  of  such  coal  will  equal  1  foot  added  to  the  thickness  of 
the  Lower  Nunnally  bed  throughout  the  area  in  which  it  is  regarded 
as  workable,  making,  for  the  purpose  of  computation,  an  average 
thickness  of  3  feet  8  inches  for  that  bed. 

GOULD  GROUP  OF  COAL  BEDS. 

In  the  interval  between  the  sandstone  of  Chestnut  Ridge  and  that 
of  Grassy  Ridge  lie  a  number  of  coal  beds  which  are  mostly  thin, 
but  which  generally  contain  one  bed  of  workable  thickness.  One 
bed  of  this  group  was  originally  mined  by  William  Gould,  near  the 
present  Star  Cahaba  No.  1  mine,  about  1  mile  west  of  Sydenton. 
From  this  circumstance  the  bed  has  been  named  the  Gould  bed, 
whence  the  name  Gould  group.  The  number  of  beds  observed  in 
the  group  at  various  localities  is  shown  in  the  columnar  sections 
(PI.  VI,  p.  86).  Whether  it  is  everywhere  the  same  bed  of  the 
group  that  is  workable  or  whether  one  is  workable  here  and  another 
there  is  a  question  that  can  not  be  answered  at  present,  though  on 
the  map  a  single  bed  is  shown  to  indicate  the  continuity  and  general 
position  of  the  group. 

A  bed  belonging  to  this  group  is  14  J  inches  thick  2  miles  north  of 
Parsons  station  (No.  84),  where  it  is  immediately  overlain  by  the 
sandstone  of  Chestnut  Ridge.  In  the  cut  on  the  Seaboard  Air  Line 
Railway  at  the  road  crossing  1  mile  southwest  of  Parsons  (No.  85) 
two  of  the  lower  beds  of  the  group,  each  only  6  to  8  inches  thick, 
are  exposed.  On  the  Trussville  road  near  the  crest  of  Chestnut 
Ridge  (No.  86)  the  main  bed  is  solid  coal  2  feet  thick.  No  measure- 
ments of  the  bed  and  only  two  or  three  observations  were  obtained 
on  it  between  this  point  and  the  Ratliffe  mine,  2  miles  southwest  of 
Lovick,  where  the  section  is  as  follows: 

Section  of  Gould  coal  at  Ratliffe  miney  2  miles  soiUhwest  of  Lovick  (No.  87), 

Ft.   In. 

Sandstone 15 

Coal 6 

Parting , J 

Coal : 1    9 

aay 1 

Total  coal  bed 2    3J 

Practically  nothing  is  known  of  the  thickness  and  character  of 
this  coal  from  the  Ratliffe  mine  southward  to  Rocky  Ridge  Church. 
About  1  mile  north  of  New  Hope  (No.  88)  coal  smut  was  seen  that 
probably  is  made  by  this  bed,  and  coal  is  reported  at  three  other 
points  within  a  mile  farther  north.  One-half  mile  south  of  Rocky 
Ridge  Church  is  a  prospect  pit  (No.  89),  now  closed,  at  which  the 
coal  bed  is  reported  3  feet  thick.  In  the  Little  Valley  syncline,  l\ 
Mil— Ball.  316-  07 8 
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miles  west  of  Rocky  Ridge  Church  (No.  90),  the  Gould  bed  is  18 
inches  thick.  Two  miles  north  of  the  Louisville  and  Nashville  Rail- 
road (No.  91)  is  a  prospect  pit  at  which  1  foot  of  coal  is  visible  and  2 
feet  or  more  indicated.  Just  north  of  the  railroad  (No.  92)  2  feet  is 
shown  in  a  pit.  At  location  No.  93,  just  west  of  No.  92,  one  of  the 
lower  beds  of  the  group  lias  been  opened  in  shale.  It  shows  18 
inches  of  coal  and  is  possibly  2  feet  thick.  At  the  Star  Cahaba  No.  1 
mine,  1  mile  south  of  the  railroad,  the  following  section  was  measured: 

Section  of  Gould  bed  at  Star  Calwba  No.  1  mine. 

Ft.    In. 

Shale 4 

Coal 4 

"Rash" 8 

Clay 6 

Shale 2 

Total  coal  bed 5    1 

In  this  mine  the  bed  shows  great  variations  of  thickness,  as  shown 
below: 

Thickness  of  the  Gould  bed  at  Star  Cahaba  Xo.  1  mine. 

Inches. 

Outside  of  mine 18 

At  pit  mouth 26 

50  feet  in  slope 23 

100  feet  in  slope 30 

200  feet  in  slope 48 

It  is  said  that  this  is  about  tlie  range  in  tliickness,  tliough  in  places 
the  bed  reaches  5  feet.  The  bed  appears  to  be  without  partings  and 
to  have  a  good  roof. 

At  Bamford  is  another  small  mine  on  this  bed.  The  coal  is  20 
mches  thick  at  the  pit  moutli  and  is  said  to  range  from  18  to  36  inches, 
with  an  average  of  26  inches,  all  coal.  At  Bamford  a  greater  number 
of  beds  of  this  group  was  observed  than  elsewhere  (PI.  V,  section 
Q-R),  and  there  has  possibly  been  a  repetition  by  folding  or  faulting, 
which  is  indicated  by  the  offset  in  the  crest  line  of  Chestnut  Ridge. 

By  taking  into  consideration  all  the  observations  and  reports  it 
appears  not  improbable  that  the  Gould  bed  will  average  2  feet  of 
workable  coal  from  the  Trussville  road  to  the  south  margin  of  the 
area  discussed  in  this  paper. 

AMOUNT    OF    COAIi   IN   THE   AREA. 

In  the  computation  of  the  amount  of  available  coal  in  this  area 
only  the  coal  is  included  that  occurs  in  beds  containing  on  the  average 
2  feet  or  more  of  coal  exclusive  of  partings.  No  bed  having  a  smaller 
average  is  regarded  as  workable.  The  average  thickness  ot  the  several 
minable  beds  is  stated  in  the  preceding  descriptions.  It  is  assumed 
that  the  averages  computed  from  the  measiu'ements  made  on  the  out- 
crop will  hold  under  ground  as  far  as  the  fault  that  bounds  the  field 
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on  the  southeast  and  limits  the  extension  of  the  coal  beds  in  that 
direction.  A  layer  of  coal  of  density  1.35,  1  foot  thick  and  an  acre  in 
extent,  contains  in  round  numbers  1,800  tons.  That  factor  is  used 
in  this  calculation.  Most  of  this  coal  lies  at  a  depth  not  exceeding 
4,000  feet.  The  Gould  bed,  however,  may  exceed  this  depth  over 
small  areas  in  the  deepest  parts  of  some  of  the  basins. 

Below  are  given  in  tabular  form  the  acreage  and  gross  tonnage  of 
the  minable  beds: 

Acreage  and  tonnage  of  coal  in  the  northern  part  of  the  Cahaba  basin. 


Mammoth-Helena  bed: 

HenryeUen  basin 

Little  Cahaba  basin 

Acton  basin 

Helena  basin 

Eureka  basin 

Thompson  bed: 

Acton  basin 

Helena  basin 

Eureka  basin » 

Little  Pittsbunr  bed: 

HenryeUen  basin 

Little  Cahaba  t>asin. 

Acton  basin. 

Black  Shale  and  Buck  beds  (HenryeUen  basin) 
Black  Shale  bed  (Helena  and  Eureka  basins) . . 

Buck  bed  ( Helena  and  Eureka  basins) 

Wadsworth  bed: 

Little  Cahaba  basin 

Acton,  Helena,  and  Eureka  basins. 

Harkness  bed: 

HenryeUen  basin 

Little  Cahaba  basin 

Nunnaliy  bed 

Qould  bed 


Total I     123,331     565,920,100 


Average 
thick- 

Extent. 

ness. 

Feet. 
7 
4 
4 
5 

Acres. 

3,200 
100 
484 
234 

2,067 

4 

910 

457 

2,404 

2 
2 
2 
2 

4,068 
621 
1,261 
5,261 
3,510 
4,105 

2 
2i 

3,556 
8,214 

3 

l\ 

2 

7,698 

4,992 

14,281 

55,908 

123,331 

Amount. 


Short  tons. 

40,302,000 

720,000 

3,524,000 

2,106,000 

1,302,200 

4,095,000 

3,290,400 

17,308,800 

• 

14,644,800 
2,235,600 
4,539,600 
19,139,600 
15,895,000 
14,778,000 

12,801,600 
36,963,000 

41,569,200 

22,464,000 

95,254,600 

201,268,800 


CHARACTER  ANI>  COMPOSITION  OF  COAL.S. 

The  coals  of  the  Cahaba  field  are  all  bituminous,  the  average  com- 
position being  2^  per  cent  moisture,  59  per  cent  fixed  carbon,  32  per 
cent  volatile  matter,  6  per  cent  ash,  and  1  per  cent  sulphur.  In  fixed 
carbon  they  are  about  the  same  as  the  coals  of  the  Warrior  field,  in 
volatile  matter  they  are  higher,  and  in  ash  and  sulphur  they  are  lower. 
They  are  a  little  higher  in  calorific  power  than  the  Warrior  coals  and 
a  little  lower  than  the  coals  of  the  New  River  and  Kanawha  field  of 
West  Virginia.    They  are  excellent  steam  and  domestic  coals 

Some  of  the  earliest  coking  operations  in  the  State  were  located 
along  the  Louisville  and  Nashville  Railroad,  coal  from  the  Helena, 
Wadsworth,  and  Gould  beds  being  used  to  produce  coke  for  the 
Oxmoor  furnace.  Coke  from  the  two  beds  last  mentioned  is  said  by 
Squire  to  be  of  excellent  quality.  On  account  of  the  higher  propor- 
tion of  volatile  matter  in  these  coals,  however,  the  yield  of  coke  is  less 
than  from  the  Warrior  coals,  so  that  coking  them  is  unprofitable,  and 
they  are  not  coked  at  present. 
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Below  is  a  table  of  analyses  showing  the  composition  of  mine  sam- 
ples from  the  principal  beds  of  the  field.  The  nimiber  of  samples 
collected  is  small  because  the  opportunities  for  obtaining  fresh  samples 
were  few.  The  analyses  were  made  by  F.  M.  Stanton  at  the  United 
States  Geological  Survey  fuel-testing  plant  at  St.  Louis.  The  samples 
were  obtained  by  channeling  the  bed  from  top  to  bottom  and  rejecting 
such  impurities  as  are  rejected  in  mining.  About  50  poimds  of  coal 
was  thus  cut  from  a  fresh  working  face  and  reduced  by  pulverizing 
and  quartering  to  a  quart  sample.  This  was  sealed  in  a  galvanized- 
iron  can,  in  which  it  was  transmitted  to  St.  Louis.  It  is  believed  that 
by  these  means  analyses  were  obtained  that  nearly  represent  the 
actual  composition  of  the  coal  as  it  is  mined.  A  number  of  other 
analyses  are  published  in  Squire's  report  on  the  Cahaba  field. 

Analyses  of  coal  samples  from  the  Cahaba  coalfield^  Alabama. 


Laboratory  No. 


A. 


3460. 


Analysis  of  sample  as   ro- 
oeived: 

Moisture 

Volatile  matter 

Fixed  carbon 

If  Ash 

ISulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Caiorlnc  value  determined: 

Calories 

Britlsii  tiiermai  units 


H 


+*. 


2.51 
33.81 
5(3.85 

6.83 
.48 


B. 
3771. 


2.74 
33.34 
58.22 

5.70 
.44 

5.20 
77.96 

1.52 

9.18 

7,722 
13.990 


Loss  of  moisture  on  air  dry- 
ing  


1.00 


90 


H 
O 


Analysis  of  air-dried  sample: 

Moisture 1.53 

Volutiie  matter 34.15 

Fixed  cuTbon 57.  42 

/Ash !      6.90 

\8ulphur I 

Hyrogen 

Carbon 

Nitrogen 

Oxygen 

Caloriflc  value  determined: 

Calories 

British  thermal  units. . . 


1.86 
33.64 
58.75 

5.75 
.44 

5.15 
78.  67 

1.53 

8.46 

7.791 
14,117 


C. 


u.  59 

33.18 

58.67 

4.56 

1.08 

5.13 

77.57 

1.23 

10.43 

7.805 
14,049 


2.00 


1.62 

3S.m 

59.87 

4.65 

1.10 

5.01 

79. 16 

1.25 

8.83 

7.964 
14,336 


A.  Mammoth  bed.  2  miles  southwest  of  Henry- 
ellen. 

B.  TTelena  W<\.  in  .\cton  basin,  north  of  Helena. 

C.  Thompson  or  Conglomerate  bed,  in  Acton 
basin,  north  of  Helena. 

D.  Thompson  or  Conglomerate  bed,  at  Coal- 
mont. 


E.  Buclc  bed,  at  Falliston. 

F.  Wads  worth  bed,  near  Sydenton. 
O.  Harkness  bed,  at  Davis. 

H.  Gould  bed,  at  Ix)vlck. 

L  Gou|d  bed.  1  mile  west  of  Sydenton. 


D. 

3744. 

F. 

0. 

H. 

I. 

3745. 

3770. 

3484. 

3499. 

3644. 

2.75 

• 

2.60 

3.65 

a39 

1.96 

2.12 

32.56 

34.21 

33.74 

30.  (» 

30.66 

28.15 

58.46 

60.01 

58.86 

57.06 

58.95 

61.50 

6.23 

3.18 

3.75 

&84 

&41 

S..23 

.87 

.66 

.48 

2.34 

1.09 

1.98 

5.08 

5.32 

5.48 

5.18 

4.94 

7a  55 

7a  62 

80.12 

73.81 

7a  03 

1.12 

1.32 

1.51 

1.53 

1.68 

10.15 

10.90 

8.66 

&30 

7.85 

7.699 

8.026 

7.976 

7,563 

13,858 

14,447 

14,537 

13.613 

1.10 

1.10 

2.40 

1.80 

.80 

.80 

1.67 

1.52 

1.28 

1.62 

•    1.19 

1.33 

32.92 

34.59 

34.56 

31.25 

30.90 

28.38 

59.11 

60.68 

60.32 

58.13 

50.43 

62.00 

a  30 

3.21 

3.84 

9.00 

8.48 

8.29 

.88 

.67 

.40 

2.38 

1.10 

2.00 

5.01 

5.26 

5.34 

&07 

4.89 

77.40 

79.50 

82.09 

75.17 

7a  64 

1.13 

1.33 

1.55 

L56 

1.60 

9.28 

10.03 

aeo 

&82 

7.20 

7,764 

8,115 

8,180 

7,613 

14.012 

14.  (.07 

14,812 

13,722 

MIXING   CONDITIONS. 


As  previously  stated,  it  will  be  comparatively  easy  to  reach  by 
railroad  almost  all  points  at  which  mines  might  be  opened  to  advantage 
in  this  part  of  the  field;  the  problem  of  transportation  is  therefore 
simple. 
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Probably  most  of  the  mining  in  the  field  will  be  done  from  the 
outcrop.  For  all  the  minable  beds  except  the  Gould  a  haul  of  less 
than  3  miles  will  be  required  in  mining  to  the  boundary  fault  on  the 
southeast.  It  is  only  in  the  Gould  also  that  a  depth  exceeding  4,000 
feet  may  be  reached  over  small  areas  in  the  deepest  parts  of  the 
various  basins. 

As  usual  in  the  coal  fields  of  Alabama,  the  roof  and  floor  of  the 
coal  beds  are  firm,  giving  but  little  trouble  in  mining.  The  mines 
are  never  dangerously  gaseous,  nor  is  water  particularly  troublesome 
except  in  times  of  unusual  rains. 

I>EVEIiOPMENT8. 

At  present  only  six  mines  are  operating  in  this  field.  At  two  of 
these  the  production  is  small,  being  hauled  away  in  wagons.  The 
other  four  ship  coal  by  rail,  but  are  not  large  producers.  One  of 
these,  the  Henryellen  No.  6,  owned  by  the  Tennessee  Coal,  Iron  and 
Railroad  Company,  is  working  the  Mammoth  bed  2  miles  southwest 
of  Henryellen;  the  second,  the  Star  Cahaba  No.  1,  owned  by  the  Star 
Cahaba  Coal  Company,  is  working  the  Gould  bed  1  mile  west  of 
Sydenton;  the  third,  the  Coalmont  mine,  owned  by  the  Gray  Eagle 
Coal  Company,  is  working  the  Thompson  bed  at  Coalmont;  and  the 
fourth,  owned  by  the  Pratt  Cahaba  Coal  Company,  is  working  the 
Buck  bed  at  FalUston.  Henry  De  Bardleben,  who  has  for  many 
years  been  active  in  the  development  of  this  field,  is  now  opening 
some  new  mines  in  the  Helena  and  Thompson  beds  m  the  Acton 
basin  which  will  probably  produce  a  large  amoimt  of  coal.  Much 
coal  has  been  mined  from  the  Mammoth  bed  in  the  past  at  Henryellen 
and  farther  north,  but  at  present  all  mines  except  the  Henryellen  No. 
6  either  have  been  abandoned  or  shut  down.  For  fifteen  years  pre- 
vious to  1890  the  Helena  bed  was  worked  on  a  considerable  scale  in 
the  north  end  of  the  Eureka  basin  by  the  Eureka  Company,  which 
used  the  coal  for  coke  at  the  Oxmoor  furnace.  The  Wadsworth  bed 
has  been  worked  by  different  persons  at  various  times.  Years  ago 
the  bed  was  worked  by  Frank  Wadsworth  at  Tacoa  station,  and 
during  the  war  it  was  mined  by  Woodson  &  Gould  near  the  railroad 
bridge  on  the  east  side  of  Cahaba  River.  More  recently  the  Wads- 
worth bed  has  been  mined  rather  extensively  at  Sydenton  by  the 
South  Birmingham  Coal  and  Iron  Company.  Immediately  after  the 
war  the  Gould  bed  was  worked  by  William  Gould  at  the  type  locality 
1  mile  west  of  Sydenton.  The  total  amount  of  coal  mined  in  these 
operations  probably  has  not  been  very  great.  These  historical  state- 
ments for  the  region  west  of  Helena  are  made  on  the  authority  of 
Mr.  Squire,  either  in  verbal  statements  or  in  his  report,  already  cited. 


COAL  IWESTTGATION  IN  THE  SALINE-GALLATIN 
FIELD,  ILLINOIS,  AND  THE  ADJOINING  AREA. 


By  Frank  W.  DeWolp. 


INTRODUCTION. 

The  area  here  described  is  near  the  southwest  edge  of  the  Eastern 
Interior  coal  field,  lying  mostly  in  Illinois,  but  extending  also  into 
Indiana  and  Kentucky.  Its  boundaries  are  slightly  beyond  those  of 
the  Eldorado  and  New  Haven  quadrangles,  and  it  measures  30J  miles 
from  east  to  west  and  18  J  miles  from  north  to  south,  thus  including 
approximately  550  square  miles.  Parts  of  four  counties  in  Illinois — 
Saline,  Gallatin,  White,  and  Hamilton — are  comprised  within  the  area. 

Coal  production  in  this  region  is  increasing  so  rapidly  that  geologic 
work  carried  on  here  assumes  an  important  economic  aspect.  The 
rapid  development  of  this  part  of  the  coal  basin  is  due  to  the  excellent 
quality  of  the  fuel,  its  extensive  distribution,  and  favorable  mining 
conditions.  The  production  to  date  has  been  entirely  in  the  Illinois 
portion  of  the  area  and  until  the  last  year  only  in  Gallatin  and  Saline 
coimties.  Whit^  County  also  is  now  producing.  In  1906  the  area 
included  in  this  report  produced  314,927  tons,  a  gain  of  115  per  cent 
over  1905.**  Coal  mining  in  the  Eldorado  quadrangle  is  facilitated 
by  the  presence  of  several  railroads ;  the  New  Haven  quadrangle  has 
none.  The  whole  area,  however,  has  so  little  relief  that  it  can  be 
easily  reached  by  railroads  where  desired. 

This  preliminary  statement  of  geologic  field  work  performed  during 
three  autumn  months  of  1 906  is  the  first  published  report  for  this  area 
since  1875,^  though  adjoining  areas  in  Indiana*'  and  Kentucky  **  have 
received  later  attention.  The  two  quadrangles  here  described  are  the 
first  of  a  series  extending  across  the  southern  Illinois  coal  field,  the 
mapping  of  which  will  be  completed  in  the  near  future.  The  topo- 
graphic and  geologic  work  is  being  executed  in  cooperation  by  the 
Illinois  Geological  Survey  and  the  United  States  Geological  Survey. 
Information  in  regard  to  additional  quadrangles  on  the  west  will  also 
be  included  in  the  final  report. 

a  Mineral  Resources  U.  S.  for  1906,  U.  S.  Qeol.  Survey. 

b  Geol.  Survey  Illinois,  vol.  6, 1876. 

e  Rept.  Indiana  Dept.  Geol.  and  Natural  Resources,  1899,  pp.  1399,  et  seq. 

tf  Repts.  Inspector  of  Mines  of  Kentucky.  1893,  etc. 
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The  writer  is  indebted  to  Stuart  Wellcr  and  David  White  for  their 
assistance  in  correlating  the  rocks  of  the  region  and  to  Greorge  H. 
Ashley  for  suggestions  in  the  office.  Such  value  as  this  report  pos- 
sesses is  due  largely  to  the  kind  cooperation  of  those  coal  companies 
which  have  placed  drill  records  and  other  data  in  the  hands  of  the 
Survey.  To  many  well  drillers  and  other  persons  thanks  are  cordially 
given  for  numerous  services. 

StTRFACE  REIilEF  ANT>  DRAINAGE. 

Mining  conditions  in  this  field  are  rendered  favorable  on  the  whole 
by  the  moderate  surface  relief.  Though  the  altitudes  vary  from  340 
to  600  feet  above  sea  level,  most  of  the  area  lies  between  365  and  420 
feet.  The  drainage  is  tributary  to  Ohio  River  directly  or  through  the 
Wabash,  Little  Wabash,  and  Saline  rivers  and  their  branches.  It  is 
deficient  in  a  large  area,  especially  along  the  Wabash,  but  considerable 
reclamation  is  promised  by  systematic  ditching  now  in  progress. 

The  topography  is  of  two  types — uplands  and  bottoms.  Prominent 
hills  of  the  New  Haven  quadrangle  are  indicated  on  PI.  VII.  Bottom 
lands  constitute  about  two-thirds  of  the  area  of  the  New  Haven  quad- 
rangle and  about  one-third  of  the  Eldorado. 

The  detailed  topographic  character  of  the  area  and  the  distribution 
of  timber,  houses,  roads,  and  land  lines  are  indicated  on  the  colored 
contour  maps  of  the  Eldorado  and  New  Haven  quadrangles.**  PI. 
VIII  (p.  120)  shows  relief  and  altitude  above  sea  level  by  contour  lines, 
each  of  which  passes  through  points  of  equal  altitude  on  the  land,  one 
being  drawn  for  everj^  20  feet  of  increase  in  elevation. 

GEOIiOGT. 

INTRODUCTION. 

The  economic  value  of  the  geologic  examination  of  the  various  coals 
of  this  region  lies  in  determining  for  each  its  vertical  position,  hori- 
zontal extent,  thickness,  quality,  structure,  and  correlation  with  beds 
in  other  areas.  Since  the  study  of  the  region  has  not  yet  been  fully 
completed,  some  of  the  field  observations  may  be  subject  to  a  different 
interpretation  in  the  final  report. 

Field  work  is  difficult  here  because  of  the  presence  of  glacial  and 
fluviatile  deposits  which  very  largely  conceal  the  imderlying  rocks. 
The  most  valuable  data  were  obtained  from  numerous  records  of  coal 
borings  and  a  few  deeper  holes  bored  for  oil.  A  little  information  was 
also  derived  from  water  wells.  The  best  exposures  of  value  are  those 
occurring  beyond  the  drift  border  in  the  region  immediately  to  the 
south  of  this  area  along  Saline  River  and  in  the  neighboring  part  of 
Kentucky. 

a  These  maps  may  he  obtained  for  6  cents  each  by  addressjig  Tbe  Director,  U.  S.  Geological  Survey, 
Washington,  D.  C 


118       CONTRIBUTIONS   TO   ECONOMIC   GEOLOGY,   1906,   PART   II. 

STRATIGRAPHY. 
GENERAL   STATEMENT. 

The  rocks  of  this  area  consist  of  a  varying  thickness  of  fluvial  and 
glacial  deposits,  overlying  alternating  shales  and  sandstones  with 
relatively  thin,  more  or  less  lenticular  beds  of  limestone,  coal,  and 
fire  clay.  They  have  been  explored  to  a  depth  of  about  1,500  feet. 
The  hard  rocks  belong  to  the  Pennsylvanian  series  of  the  Carboniferous 
system. 

CORRELATION. 

Division  of  the  Pennsylvanian  beds  of  the  Kentucky-Illinois  area 
in  earlier  reports  into  the  ''Upper''  or  ''Barren  Measures''  and  the 
"Lower"  or  "Productive  Measures"  was  made  partly  for  convenience 
and  partly  to  conform  with  earlier  subdivisions  of  the  Carboniferous 
rocks  in  Pennsj^lvania.  D.  D.  Owen**  used  as  a  horizon  for  this 
division  the  Anvil  Rock  sandstone.  In  later  reports  for  Illinois  A.  H. 
Worthen^  used,  instead,  the  Carlinville  limestone,  a  bed.  higher 
stratigraphically,  thought  to  be  identical  with  the  Carthage  limestone 
of  Kentucky.  It  may  be  questioned  whether  either  of  these  two 
horizons  or  any  other  has  sufficient  persistence  and  prominence  to  be 
employed  for  the  division  throughout  any  large  part  of  the  Eastern 
Interior  coal  basin. 

For  further  convenience  in  description  and  correlation  the  old 
surveys  of  Kentucky  and  Illinois  numbered  the  coal  beds  upward 
from  the  bottom.  In  the  "Lower  Measures"  the  old  Kentucky  sec- 
tion, however,  shows  twelve  numbered  coals,  with  a  few  additional 
beds  either  designated  by  letters  or  not  named;  wliile  the  old  Illinois 
section  distinguishes  nine  numbered  coals,  and  recognizes  one  of  minor 
thickness  to  which  no  number  has  been  applied.  The  total  number 
of  Pennsylvanian  coals  in  the  old  Illinois  section  is  sixteen.  The  two 
stratigraphic  columns  compiled  by  the  old  surveys  disagree  in  the 
lower  portions,  and  likewise  in  the  upper  portions,  since  Illinois 
reports  place  the  Carthage  limestone  not  more  than  184  feet  above 
coal  No.  7,^  whereas  Kentucky  reports  describe  it  as  occurring  450 
feet  above  the  corresponding  bed.*"  In  the  middle  portion  of  the 
column,  however,  the  coals  numbered  by  Worthen  from  8  to  2  seem 
to  be  identical  with  the  similar  series  numbered  from  12  to  5  by  Owen.** 
No  single  columnar  section  can  safely  be  considered  representative  of 
conditions  over  a  wide  area,  since  the  character  of  the  rocks  varies 
greatly  within  short  distances.  As  the  sections  in  fig.  2  indicate  per- 
sistence of  certain  beds,  however,  there  is  reason  to  hope  that  study 

a  Kentucky  Oeol.  Surrey,  vol.  1, 1856,  pp.  30-45. 

b  (Jeol.  Survey  Illinois,  vol.  6,  1875,  p.  3. 

c  Geol.  Survey  Kentucky,  vol.  3, 1857,  p.  20. 

d  See  correlation  sheet  by  C.  J.  Norwood,  in  Kept.  Iu8{)ector  of  Mines  in  Kentucky,  1803,  p.  9G. 


U.  S.  OEOLOOICAL  SURVEY 


BULLETIN  NO.  318    PL.  VII 


hijs 


■^v,  '^' 


•W"^^ 


«^ 


J 
■* 


^0 


g;.  . 


COAI.  IN   SALINE-GALLATIN  FIELD,  ILLINOIS. 


11V» 


•n  •«:•«:  *n  •«!  •«! 

t  t      t  3  •!  •< 

C  O    O  O  O  O 

5  5  3  3  3  3 

3;  iE  s-  3  2  o 


=-       *        o   ^  ?5 
<R      ^      n  ■    ■ 

X         —        Www 


CO 


re 


^ 
3 


o  <  c  o 

3033 

?  --  CJ  3 

^  7  £.  E 

r    ?1  =■  3 

^    VI  ^  09 

'*''  "O  3   :r 

►«  ■  «< 

S  Sj  '^  a 

o  r*  s 

^  r  c   o 


3 


-<  3 

=  3 

■<  ft 

o  •-► 

'^  .0 

-5  P 

o  =: 


00 


c  o 
3  3 

^   c 

c.  c- 

»  o 
3    2- 

11 

c 
3 


C 
P     S 


si 


"I 


0 
o 

ST 


3  ♦fl 

OB      to 
3      1 


a  o 

2  c 

¥  3 

a  p 

■^? 

?  3 

•So 

D    "* 
a.  00 

5-  SL 

OQ    S- 

S 

§  C> 

3     «D 

3  :: 

o  = 

OB     "" 

2  5: 

p 

3  2 

a  = 

.<§ 


•,3  hq      ^  o 

2  2    «  sr 


3- 


O 

3 

B 
P 
? 

o 
o 

3 
■d 

a. 


o 
3 


o 


o 

o 
c 


I  n  I 

I  •   I 

I     I 


Bai^ryRock  Ooal 


Cast^yvUte  Conglomerak 


Uh 


^'^A 
«?•" 


120       CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1906,  PABT  U. 

of  drill  records  and  field  evidence  will  result  in  a  correct  correlation  of 
the  various  horizons.  The  present  use  of  numbers  in  the  Illinois 
fields  probably  does  not  indicate  the  true  correlation  of  the  coals, 
though  locally  over  considerable  areas  the  designations  are  doubtless 
consistent.  It  seems  advisable  in  this  report  to  use  the  numbers  so 
widely  accepted  in  this  region,  but  with  the  imderstanding  that  they 
are  of  local  significance  only  and  do  not  imply  correlation  with  beds 
bearing  the  same  numbers  in  other  areas. 

GENERAL   DESCRIPTION   OF   STRATIGRAPHIO   COLUMN. 

The  approximate  columnar  sections  given  in  fig.  2,  compiled  from 
outcrops  and  borings,  indicate  the  character  of  the  rocks  in  several 
parts  of  the  area  and  show  the  apparent  persistence  of  certain  beds 
and  the  local,  lenslike  character  of  others.  The  variations  exhib- 
ited, however,  are  due  in  part  to  scant  and  imperfect  data.  Of  the 
localities  referred  to  in  this  paper,  Nos.  49-112  are  shown  on  PI.  VIII 
and  the  others  on  PI.  VII. 

The  persistence  of  the  coals  from  No.  8  to  No.  5,  inclusive,  is  notable 
in  the  columnar  sections.  Other  beds  of  special  importance  strati- 
graphically  are  certain  limestones.  One  occurs  in  section  1,  265  feet 
above  coal  No.  7,  and  is  also  shown  in  section  2.  Another  is  indicated 
in  section  3,  190  feet  above  No.  7,  and  a  third  occurs  in  the  same 
section  45  feet  above  No.  7.  The  first  of  these  is  tentatively  regarded 
as  the  Carthage  limestone,  which  is  especially  important  here.  It 
takes  its  name  from  a  former  settlement  three-fourths  of  a  mile  west 
of  Uniontown,  Ky.,  where  the  rock  is  exposed  along  Ohio  River. 
When  fresh,  it  is  hard  and  blue  gray  in  color,  outcrops  in  vertically- 
jointed  cliffs,  and  shows  a  tendency  to  split  into  slabs.  When 
weathered,  the  rock  is  usually  buff  or  reddish  brown.  On  its  surface 
and  through  its  interior  occur  abundant  brachiopods,  crinoid  stems, 
and  other  fossils.  Because  of  the  persistence  of  these  lithologic 
characters  and  the  similarity  of  fossil  content,  limestones  at  several 
localities  within  the  area  have  with  some  hesitancy  been  identified 
with  the  Carthage. 

The  distance  from  this  bed  to  the  identifiable  coals  of  the  section 
has  considerable  economic  interest  and  is  a  matter  of  disagreement 
in  the  old  State  reports,  as  already  indicated.  It  is  probable  that 
neither  of  the  old  estimates  is  clearly  applicable  to  this  region,  although 
the  evidence  here  presented  is  not  altogether  conclusive. 

At  New  Haven  a  churn-drill  well,  which  commenced  on  a  level 
with  a  limestone,  probably  Carthage,  outcropping  at  loc.  7,  reached 
a  thin  coal  at  260  feet  and  stopped  in  a  limestone  10  feet  lower.  No 
coal  referable  to  No.  7  was  passed,  though  the  bottom  limestone  may 


BULLETIN  HO 


-r©- 


COAL  IN   SALINE-GALLATIN   FIELD,  ILLINOIS.  121 

be  the  roof  of  that  bed.  At  Round  Pond  (loc.  26)  a  well  oommencing 
160  feet  below  the  outcrop  of  a  limestone,  presumably  Carthage, 
reached  a  2-foot  coal  at  a  distance  of  268  feet  below  that  bed,  but 
passed  none  with  the  usual  characteristics  of  coal  No.  7.  In  borings 
near  Junction,  which  strike  the  first  hard  rocks  230  feet  above  coal 
No.  7,  no  limestone  comparable  to  the  Carthage  is  reported.  These 
records  show  either  that  the  interval  between  the  Carthage  and  the 
No.  7  coal  at  these  locaUties  exceeds  270  feet,  or  that  there  is  a  lack 
of  development  or  absence  at  the  first  two  places  of  the  No.  7  coal 
and  at  the  last  of  the  Carthage  limestone. 

A  core  drill  at  Norris  City  (loc.  30)  reached  a  5-foot  limestone  265 
feet  above  coal  No.  7.  As  this  limestone  is  almost  identical  in  char- 
acter with  the  Carthage,  and  carries  the  same  fossils,  it  may  be 
regarded  as  that  bed,  especially  because  the  associated  strata  are 
similar  to  those  observed  with  the  so-called  Carthage,  as  indicated  in 
section  2  (fig.  2).  The  interval  between  the  Carthage  and  No.  7 
coal  at  Norris  City  seems  therefore  to  be  265  feet. 

Different  conditions  are  recorded  around  Eldorado.  At  loc.  102  a 
thin  dark-blue  limestone  occurs  about  225  feet  above  the  horizon  of 
the  No.  7  coal,  as  determined  at  loc.  103,  but  at  Iocs.  10,  13,  14,  15, 
and  16  no  limestone  is  reported  at  this  horizon.  One  occurs,  however, 
190  to  210  feet  above  No.  7  in  all  the  borings  in  that  vicinity  which 
reach  its  horizon.  Its  persistence  and  uniform  thickness  of  about 
5  feet  suggest  that  this  bed  may  possibly  be  the  Carthage,  though  it 
is  separated  from  the  No.  7  coal  by  an  interval  55  to  75  feet  less  than 
at  Norris  City,  Equality,  New  Haven,  and  Round  Pond.  Such  a 
change  in  interval,  although  improbable,  is  perhaps  further  indicated 
by  the  imperfect  record  at  Omaha  Goc.  48),  which  reports  a  hard 
limestone  at  180  feet  and  coal,  comparable  to  No.  7,  225  feet  lower. 
It  seems  more  likely  that  the  Carthage  limestone  is  lenticular  and 
that  it  dies  out  between  Norris  City  and  Eldorado  or  is  represented 
by  the  thin  limestone  reported  at  loc.  102  and  others  near  by.  If 
the  identification  as  Carthage  of  various  limestone  beds  in  this  region 
is  correct,  its  outcrop,  representing  the  boundary  between  the 
upper  and  lower  *'Coal  Measures,"  would  be  indicated  roughly, 
beginning  near  Dogtown,  by  a  line  connecting  Iocs.  4,  5,  7,  44,  49, 
97, 101 ,  and  103  with  an  outlyer  in  the  Shawneetown  Hills  and  the  area 
westward  to  Junction.  Future  work  must  demonstrate  whether  the 
Carthage  limestone  can  be  identified  and  used  as  a  key  rock  over  this 
coal  field. 

Another  limestone,  as  already  noted,  occurs  rather  persistently  45 
feet  above  the  No.  7  coal.  It  is  generally  encountered  in  borings  in 
the  southwest  comer  of  the  area  and  outcrops  IJ  miles  west  of 
Cottage  Grove  at  loc.  88. 
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STRUCTURE. 
GENERAL   STATEMENT. 

Although  the  coals  and  associated  strata  of  this  region  are  nearly 
parallel  and  horizontal,  the  distances  between  the  strata  change  from 
place  to  place  and  the  beds  slope  or  dip  in  varying  directions  and 
amounts.  The  determination  of  the  altitude  of  the  coals  is  impor- 
tant for  the  reason  that  economical  mining  must  take  advantage  of 
natural  slopes  for  haulage,  drainage,  and  ventilation. 

The  structure  bears  an  intimate  relation  to  an  east^west  displace- 
ment, just  south  of  the  area  mapped,  which  marks  the  north  edge 
of  Gold  Hill  Range.  The  amount  of  this  disturbance,  which  has 
caused  a  relative  sinking  of  the  strata  to  the  north,  is  roughly  indi- 
cated by  data  obtained  at  Equality,  Cottage  Grove,  and  in  the  hills 
to  the  south. 

The  lower  slope  of  the  range  reveals  limestones  of  Mississippian 
age;  the  capping  is  the  Casejrville  conglomerate.  In  Prospect  Hill 
this  conglomerate  has  an  altitude  of  about  900  feet,  and  the  altitude 
of  coal  No.  5  at  this  point,  if  uneroded,  would  be  over  1,425  feet. 
The  same  coal  3i  miles  farther  north,  at  loc.  84,  is  nearly  1,300  feet 
lower,  or  at  an  altitude  of  145  feet.  There  is  no  evidence  that  this 
change  in  level  is  due  to  dip,  for  at  both  localities  the*  rocks  appear 
to  dip  southward. 

The  dips  of  the  coals  are  predonunantly  northward,  toward  the 
center  of  the  Eastern  Interior  basin.  There  are,  however,  numerous 
local  exceptions.  The  amount  of  dip  also  varies  greatly;  it  exceeds 
100  feet  to  the  mile  in  some  localities,  but  probably  averages  only 
half  that  amount  and  locally  is  negligible.  There  is  some  evidence 
of  conditions  similar  to  those  in  the  faulted  area  on  the  south.  Thus 
at  Eldorado,  in  O^Gara  mine  No.  8,  a  6-foot  dike  of  igneous  rock  cuts 
vertically  through  coal  No.  5  and  produces  a  narrow  zone  of  ''natural 
coke.''  The  rock  resembles  and  probably  is  related  to  dikes  of  the 
Illinois-Kentucky  fluorspar  district.  Elsewhere  there  are  certain 
abrupt  changes  in  level  of  the  beds,  possibly  due  to  faulting,  as 
between  Equality  and  Junction.  These  conditions  are  described  on 
page  123.  The  possible  occurrence  of  such  structural  changes  within 
the  untested  areas  treated  in  this  report  is  a  source  of  uncertainty 
in  the  determination  of  the  horizontal  distribution  of  the  coals. 

METHOD   OF   SHOWING    STRITCTI'RE. 

The  dips  are  indicat'cd  by  a  comparison  of  the  figures  placed  on 
PL  VII  (p.  118),  which  show,  at  various  datum  points,  the  measm^ed 
or  calculated  altitude  of  coal  No.  5.  Additional  evidence  in  the 
southern  portion  of  the  Eldorado  quadrangle  is  shown  on  PI.  VIII. 
The  structure  contours  of  this  maj)  were  drawn  in  the  following 
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manner:  The  depth  to  coal  No.  5  was  either  determined  from  rec- 
ords of  test  holes  and  shafts  or  calculated  from  the  presence  in 
shallow  wells  or  at  surface  outcrops  of  other  higher  strata  which 
could  be  identified.  This  figure  at  each  datum  point  was  subtracted 
from  the  altitude  of  the  ground  in  order  to  obtain  the  altitude  of 
the  coal.  Where  the  coal  lies  at  different  altitudes  at  adjoining 
points  the  dip  between  these  was  regarded  as  uniform  and  points  of 
equal  altitude  were  connected  by  a  contour  line.  Thus  between  every 
two  contours  there  is  indicated  a  dip  of  25  feet,  except  in  the  south- 
east comer,  where  every  other  line  is  omitted  and  the  dip  is  50  feet 
between  contours.  The  resultant  map  may  be  slightly  inaccurate. 
As  the  surface  elevations  were  determined  by  hand  level  or  barometer 
from  bench  marks,  there  are  probably  small  errors.  Furthermore,  it 
is  possible  that  in  a  few  places  where  the  depth  of  the  coal  was  cal- 
culated from  overlying  beds  the  interval  assumed  was  slightly  incor- 
rect. The  most  important  source  of  error  is  the  assumption  that 
between  datum  points  dips  are  uniform.  It  is  still  reasonably  certain 
that  in  Saline  County  the  error  along  any  contour  line  is  less  than 
25  feet,  but  in  Gallatin  County,  because  of  lack  of  data,  it  may  be 
more. 

The  dips  of  the  area  are  readily  determined  by  reference  to  this 
map,  but  attention  should  be  called  to  the  possibility  of  faulting  as 
an  explanation  of  abrupt  changes  in  altitude  in  certain  localities. 
Such  an  explanation  is  suggested  for  changes  in  elevation  of  the 
Carthage  limestone  in  the  Shawneetown  Hills,  at  Iocs.  23  and  25. 

At  Cottage  Grove  either  an  anticlinal  fold  trending  east  and  west 
or  a  fault  with  the  downthrow  on  the  south  is  indicated,  for  between 
Iocs.  84  and  89  there  is  a  change  in  level  of  85  feet  in  three-fourths 
of  a  mile.  An  abrupt  descent  of  100  feet  also  occurs  from  Iocs.  93 
and  94  to  loc.  95,  though  the  distance  but  slightly  exceeds  half  a 
mile.  Similarly,  a  descent  of  about  115  feet  occurs  from  loc.  119  to 
loc.  120,  three-fourths  of  a  mile  apart.  Underground  workings  have 
not  yet  shown  whether  this  is  due  to  dip  or  to  a  fault. 

The  most  interesting  locality  from  this  standpoint  lies  in  the  south- 
east comer  of  the  area,  between  Jimction  and  Iocs.  75  and  76,  where 
the  contours  show  an  apparent  dip  of  400  feet  in  1}  miles.  There  is 
an  additional  source  of  possible  error  here,  since  the  correlations  may 
be  incorrect.  Probably  the  test  holes  in  this  vicinity,  except  at  Iocs. 
73  and  72,  stopped  in  coal  No.  7.  The  hole  at  loc.  73  stopped  just 
before  reaching  it,  and  that  at  loc.  72  went  through  to  No.  5.  If, 
however,  this  interpretation  of  the  records  is  incorrect  and  all  these 
test  borings  reached  No.  5,  then  there  is  an  additional  descent  of 
120  feet  between  the  points  mentioned  and  loc.  73.  A  considerable 
proportion  of  this  descent  may  be  due  to  a  fault  along  a  north-south 
line. 
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Some  such  condition  is  indicated  also  between  Iocs.  70  and  71, 
where  the  levels  change  180  feet  in  half  a  mile.  The  information 
at  loc.  70,  however,  was  obtained  from  a  chum-drill  boring  and  may 
be  incorrect. 

DESCRIPTIONS  OF  DATUM  LOCALITIES. 

The  following  notes  record  observations  at  the  localities  shown  by 
numbers  on  the  accompanying  maps,  except  those  made  at  coal 
mines,  which  are  grouped  in  a  later  table.  Locs.  1  to  48,  113,  and 
114  are  shown  on  PI.  VII,  the  others  on  PI.  VIII,  and  where  possible 
the  calculated  altitude  of  coal  No.  5  is  shown. 

Locs,  1-18, — At  these  points  occurs  either  the  Carthage  limestone, 
an  upper  bed  lying  stratigraphically  about  50  feet  higher,  or  other 
closely  associated  strata.  Thin  coals  usually  underlie  the  limestones. 
In  this  region  coal  No.  7  may  be  looked  for  about  275  feet  below  the 
Carthage  limestone,  and  coal  No.  5  about  120  feet  lower.  They  should 
occur  50  feet  farther  below  the  upper  limestone. 

Locs.  1-4:  The  public  roads  near  Dogtown  show  outcrops  of  an  18- 
inch  limestone  which  is  underlain  by  a  thin  coal  at  Iocs.  1  and  2  and 
which  resembles  the  Carthage  bed  in  fossil  content,  but  corresponds 
to  the  higher  limestone  in  thickness.  It  is  from  385  to  395  feet  in 
altitude. 

Loc.  5:  At  the  base  of  the  hill  occurs  a  thin  coal  overlain  by  a 
limestone  6  feet  thick,  which  is  probably  Carthage. 

Loc.  6 :  A  3-foot  limestone  struck  in  the  well  of  David  Hayes  prob- 
ably occurs  stratigraphically  considerably  above  the  Carthage. 

Loc.  7:  At  New  Haven  an  exposure  occurs  in  the  river  bank  as 
follows: 

Section  at  New  Haven. 

Ft.   in. 

Limestone  (Carthage),  blue-gray,  hard,  brittle,  fossiliferoua 5 

Shale,  black 3 

Coal 2 

Fire  clay 3 

Sandstone  and  shaly  sandstone,  soft,  fine  grained 6 

Shale,  sandy 5i 

Sandstone,  line,  soft,  thin  bedded,  gray-brown 3 

Low  water.  Little  Wabash  River. 

Loc.  8 :  Near  the  mouth  of  Rocky  Branch  a  Umestone  bed  18  inches 
thick  forms  a  riffle  across  the  Little  Wabash.  It  carries  a  somewhat 
different  fauna  from  the  Carthage,  which  it  probably  overlies  by  50 
feet.  Above  it  occurs  6  feet  of  blue-gray  shale  bearing  iron  nodules 
and  below  it  streaks  of  coal,  embedded  in  1  foot  of  bituminous  shale 
and  underlain  by  blue  clay  shale. 
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Locs.  9-18:  The  same  coal  and  limestone  or  beds  near  this  horizon 
are  exposed  in  ravines  to  the  north,  accompanied  by  the  beds  shown 
in  the  columnar  sections.     A  summary  follows. 

Surmnary  of  observations  at  Iocs.  9-lS, 


Loc. 
No. 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 


Name. 


Owen  Wilbom. 
J.  F.  Medlin... 


••Devirs  Biscuit". 
Mrs.  Rhoda  Grant. 

John  Sturm 

Alex.  Questell 

Isaac  Bayley 


Kind  ol  rock. 


Limestone,  coal . 
Limestone,  coal . 
Sandstone,  coal. 
Limestone,  coal. 

Coal 

Sandstone  a 

Limestone,  coal. 
Limestone,  coal. 

Coal 

Coal 


Coal. 

Thick- 
ness. 

Depth. 

Altitude. 

Inches. 

Feet. 

Feet. 

+ 

0 

410 

+ 

0 

415 

18 

0 

430 

+ 

0 

370 

+ 

0 

415 

+ 

60 

360 

+ 

60 

360 

+ 

125 

315 

+ 

200+ 

330- 

Remarks. 


Old  mine. 
Old  mine. 


a  Thickness  of  sandstone  20  feet;  altitude  380  feet. 

Loc8.  19-22. — There  is  some  doubt  in  regard  to  the  stratigraphy 
of  [the  thin  coals  and  hard  rock,  presumably  limestone,  which  occur 
in  wells  near  Cottonwood,  and  of  the  sandstones  and  underlying 
shale  exposed  along  the  hill  roads  to  the  north,  as  at  Iron. 

Loc8.  2S-27. — In  the  region  of  Round  Pond  three  occurrences  of 
the  Carthage  limestone  furnish  a  basis  for  calculating  the  altitudes  of 
workable  coals. 

Section  at  Round  Pond. 

Feet. 

Limestone,  Carthage,  altitude  540  feet 5 

Concealed 2 

Coal,  bloom -f- 

Concealed 24 

Sandstone,  hard,  massive,  gray 30 

Concealed 35 

Shale,  argillaceous  and  sandy,  blue-gray 33 

Concealed 5 

Shale,  brown 5 

Shale,  black,  and  coal  bloom 2 

Shale,  brown,  sandy 20 

Concealed  to  Round  Pond 40 

Loc.  24:  The  limestone  occurs  also  at  the  same  altitude  near  the 
top  of  the  hill  at  the  road  forks. 

Loc.  25:  A  limestone  35  feet  below  the  surface  in  the  well  of 
William  Satterly  overlies  a  2-foot  coal  and  appears  on  the  evidence  of 
lithologic  character  and  fossils  to  be  the  Carthage.  Its  altitude,  195 
feet  lower  than  at  loc.  23,-  is  probably  due  to  a  fault. 

Loc.  26:  A  chum-drill  well  on  the  R.  L.  Millspaugh  farm,  starting 
160  feet  below  the  Carthage  limestone,  passes  through  37  feet  of 
clay  and  gravel,  71  feet  of  shale,  and  2  feet  of  coal.  While  this  may 
be  the  No.  7  coal  without  its  usual  thickness  and  limestone  roof, 
this  test  is  not  conclusive.    It  is  noted  imder  '^  Stratigraphy '^  (p.  121) 
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that  near  Eldorado,  coal  No.  7  occurs  200  feet  below  a  limestone 
which  may  possibly,  but  not  probably,  prove  to  be  the  Carthage. 
If  the  same  interval  holds  at  Round  Pond,  coal  No.  7  should  occur 
where  the  section  is  now  filled  with  clay  and  gravel.  Its  presence 
in  workable  thickness  can  be  determined  by  a  test  hole  at  a  point 
on  the  hill  slope  located  above  this  well,  so  as  to  avoid  the  surface 
clays. 

Loc.  27 :  Though  the  25-foot  sandstone  cliflF  here  has  the  same 
elevation  as  a  similar  bed  in  the  section  at  loc.  23,  and  may  indicate 
absence  of  dip,  the  evidence  is  not  strong  enough  to  be  trustworthy. 

Loc8.  28-S5. — Near  Norris  City  stratigraphic  notes  are  obtainable 
from  three  diamond-drill  logs  and  from  hill  outcrops,  as  shown  in 
fig.  2.  The  altitudes  of  coal  No.  7  in  the  test  borings  indicate  a 
dip  N.  5°  W.  of  48  feet  to  the  mile,  but  the  outcrops  indicate  in  the 
area  to  the  northeast  a  dip  of  the  same  amoimt  N.  26°  W.  The 
calculations  are  based  on  a  cinnamon-brown  sandstone  and  certain 
thin  coals. 

Loc.  31:  The  rocks  exposed  at  the  hilltop  consist  of  10  feet  of 
gray  sandstone  over  15  feet  of  brown  shale.  A  few  rods  to  the  north, 
at  the  crossroads,  occur  the  imderlying  beds,  consisting  of  cinnamon- 
brown  sandstone  10  feet  thick  which  overUes  20  feet  of  ferruginous 
clay  shale. 

Loc.  32:  In  a  gully  west  of  the  road  this  same  sandstone  is  exposed 
with  its  accompanying  shale. 

Loc.  33 :  The  railroad  cut  reveals  25  feet  of  shale  and  sandy  shale, 
probably  occurring  40  feet  below  the  brown  sandstone  mentioned. 

Locs.  34-35:  The  thin  coal  8  feet  below  the  surface  at  loc.  34  is 
probably  identical  with  the  lower  one  of  two  which  occur  35  feet 
apart  on  the  Henson  farm  at  loc.  35  and  with  the  first  coal  in  the 
boring  at  loc.  30. 

Locs,  36-37. — Beds  which  are  probably  well  above  the  Carthage 
limestone,  but  of  which  the  horizons  are  imcertain,  occur  in  the  hill 
west  of  Norris  City  and  at  Gossett.  At  loc.  36  sandstone  and  shale 
partially  exposed  for  80  feet  resemble  those  beds  east  of  Norris  City. 
At  loc.  37  a  10-foot  sandstone  overlies  fire  clay  which  half  a  mile 
farther  north  occurs  over  a  thin  coal.  A  uniform  dip  from  borings 
south  of  Texas  City  to  Norris  City  would  bring  coal  No.  5  about 
675  feet  below  the  railroad  at  Gossett. 

Loc,  38, — West  of  Broughton,  on  the  land  of  J.  T.  Barker,  a  thin 
coal  which  outcrops  at  an  altitude  of  430  feet  is  overlain  by  fire  clay 
and  a  band  of  limestone.  A  3-foot  limestone  which  lies  32  feet 
below  the  coal  in  a  shaft  at  this  point  contains  typical  Carthage 
fossils  and  suggests  that  coal  No.  7  should  occur  275  feet  below  it 
and  No.  5  120  feet  lower.  Since  the  evidence  is  not  conclusive, 
coal  No.  5  may  lie  much  lower  yet. 
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Locs.  S9-43. — ^Thin  coals  are  struck  in  a  number  of  wells  near 
Broughton  at  an  altitude  about  the  same  as  the  coal  at  loc.  38,  but 
it  is  impossible  to  identify  them  or  to  calculate  the  depths  to  work- 
able coals  at  these  points.  The  occurrences  are  on  the  fannsof 
Messrs.  Roberts,  WilUam  Stevens,  Golson,  C.  H.  Francis,  and  Grifin. 

Loc,  44, — Southwest  of  Roland  occurs  a  3-foot  limestone  which 
on  lithologic  and  fossil  evidence  is  probably  the  Carthage.  Coal 
No.  7  should  be  reached  about  275  feet  below  it  and  No.  5  120  feet 
lower.  As  this  is  much  less  than  the  depth  at  Norris  City  and 
Omaha,  this  vicinity  would  seem  to  be  a  favorable  place  to  prospect. 

Loc,  Ifi. — Exposures  50  feet  higher,  than  at  16c.  44  show  a  sandstone 
which  overlies  sandy  shale  and  which  probably  is  identical  with 
that  occurring  along  the  Little  Wabash,  110  feet  above  the  Carthage 
limestone.    This  would  indicate  a  dip  of  60  feet  from  loc.  44  to  loc.  45. 

Locs,  Jfi-J^7, — ^Limestone  is  reported  in  wells  to  the  south  at  an 
altitude  about  35  feet  lower  than  the  Carthage  at  loc.  44. 

Loc.  48. — The  Omaha  well  struck  at  403  feet  a  thick  coal,  which 
is  overlain  by  4  feet  of  limestone  and  probably  is  coal  No.  7.  Another 
limestone,  doubtfully  reported  223  feet  above  it,  is  possibly  the 
Carthage  limestone. 

Locs.  49-^0. — ^The  Carthage  limestone  and  the  upper  limestone 
are  probably  exposed  south  and  east  of  Elba,  and  offer  a  basis  for 
calculating  the  altitude  of  workable  coals.  At  loc.  49  a  section  of 
45  feet  is  exposed  with  a  4-foot  limestone,  probably  Carthage,  at 
the  base,  altitude  343  feet;  a  3-foot  sandstone  at  the  top;  and  brown 
shale  between.  The  beds  dip  upstream  about  1  foot  in  40.  At  loc. 
50  a  17-foot  section  of  shale  and  sandstone  shows,  4  feet  above  the 
base,  a  thin  bed  of  limestone  and  iron  ore,  at  an  altitude  of  348  feet, 
but  probably  lying  50  feet  above  the  Carthage.  The  dip  is  to  the 
east,  1  foot  in  50. 

Locs,  51-69. — ^The  following  observations  were  made  between  Elba 
and  Equality: 

Summary  of  observations  at  locs.  51-69. 


51 
52 
53 
54 
55 
56 

57 
58 
59 
60 
63 
64 
65 
66 
68 

69 


McCormick. 

11.  O.  Morton... 
John  Burton... 
Johnson... 


W.  A.  Wathen. 


F.  M.  McLean 

B  rough  ton  Temple . 

John  iilave 

Percil 


Frank  Hamel 

John  Davenport. 

Beatty 

Siebman 

JohnHIah 


Kind  of  rock. 


Limestone 

1 

7'' 

in. 

Shale,  coal 

Coal 

i 

4 

Coal 

.....' 

+ 

Coal 

+ 

Limestone 

Limestone 

:  -H 

1 

Coal 

1  + 

Coal 

+ 

Coal 

...:.'  + 

Shale 

,  15 

Black  shale 

+ 

Black  shale 

+ 

Coal 

-f- 

Coal 

18 

f  Coal 

2 

1  Limestone,  coal 

1 

4 

Depth. ;  Altitude. 


Feet. 
52 
23 
GO 
31 
21 
25 


Feet. 
340 
375 
340 
380 
330 
365 


Geologic 
horizon. 


36 

350 

80 

280 

90 

315 

90 

315 

0 

355 

130 

250 

130 

250 

47 

335 

65 

335 

0 

350 

93 

257 

Carthage  (?). 


125  or  50  feet 
over  No.  7. 

No.  7. 
No.  7. 
No.  7. 
Over  No.  6. 
Over  No.  5. 
Over  No.  5. 
No.  6. 
(?) 

No.  7. 


9411— BuU.  816—07 9 
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Loc,  70, — In  the  250-f()ot  well  of  Louis  Drone  five  coals,  18  inches 
to  10  feet  thick,  are  reported.  The  thickest  bed,  probably  No.  7,  was 
reached  188  feet  down,  or  at  an  altitude  of  115  feet. 

Loc.  71, — Joseph  Devous's  test  hole  strikes  a  coal  with  limestone 
roof,  probably  No.  7,  at  380  feet  and  another,  probably  No.  5,  at  484 
feet. 

Locs.  72-73, — Test  borings  of  Vandell  Mining  Company. 

Loc,  79, — ^The  following  outcrop  occurs  above  the  railroad  at 
Equality: 

Section  at  Equality. 

Feet. 

Sandstone,  coarse,  gray,  micaceous 10 

Shale,  light  gray 18 

Coal,  No.  6 2 

Fire  clay 1 

Sandstone  and  shaly  sandstone 4^ 

Railroad  level. 

Loc.  81, — ^The  altitude  of  an  outcrop  of  the  roof  limestone  of  No.  7 
coal  at  Equality,  compared  with  data  given  on  the  mine  map  of  the 
Gallatin  Coal  Company,  shows  an  interval  of  117  feet  between  coals 
Nos.  7  and  5. 

Loc,  82, — A  156-foot  well  oh  the  Charles  Manel  farm  probably 
passes  the  horizon  of  coal  No.  7,  filled  with  surface  clay,  and  stops 
just  short  of  coal  No.  5. 

Loc,  83, — The  Pearce  well  reaches  an  18-inch  coal,  possibly  No.  6, 
at  a  depth  of  77  feet,  or  an  altitude  of  283  feet. 

Loc,  84, — Coal  test  boring  of  Davenport  Coal  Company. 

L0C8,  85-87, — ^Test  borings  of  O'Gara  Coal  Company. 

L0C8,  88-89, — West  of  Cottage  Grove  a  2-foot  limestone,  probably 
50  feet  over  coal  No.  7,  is  reached  in  a  well  and  also  outcrops  imder  a 
5-foot  sandstone  and  over  fire  clay. 

Loc,  91, — A  well  reaches  coal  No.  7  at  365  feet  altitude. 

Loc,  92, — A.  D.  Robinson's  well  reaches  a  6-foot  coal  bed  at  124 
feet,  or  at  270  feet  altitude.  It  underlies  a  limestone  and  is  probably 
coal  No.  7. 

Loc,  95. — Test  boring  of  National  Mining  "Company. 

Locs,  97-102. — Wells  east  and  south  of  Eldorado  strike  limestones 
at  about  the  Carthage  horizon,  and  these,  together  with  certain  coals, 
seem  to  indicate  a  northeasterly  dip.     A  summary  follows: 

Summary  0/  observations  at  Iocs.  97-101. 


jj~'  Name.  Kind  of  rock. 


97  Tim  Sisk '  Coal 

98   1  Limentono 

00     r-    4    T«T,«-  f  Limestone 

99  t.  A.  Jones (coal,  thin 

100  Philip  Collins Limestone.... 

101  .  J.  E.  Westbrook ;  Limestone  (7) 


;  Depth. 

Altitude. 

'    Feet. 

Feet. 

100 

325 

52 

348 

40 

350 

,        100 

2go 

'         55 

360 

27 

380 
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Locs,  10S-107i.— Test  borings  of  O'Gara  Coal  Company. 

Loc.  108, — Test  boring  of  Wabash  Petroleum  Company,  depth  1,093 
feet,  dry. 

Loc.  109.— Gas  well  of  W.  T.  Overton. 

Locs.  110-114' — Coal  test  borings  of  Eldorado  Mining  Company, 
Terre  Haute,  Ind.     Records  not  furnished  for  use  of  the  Survey. 

COAIi  RESOURCES. 

INTRODUCTION. 

This  region  produced  314,927  tons  of  coal  in  1906,  a  gain  of  115 
per  cent  over  1905.  Saline  and  Gallatin  counties  combined  produced 
1,069,425  tons  in  1906,  gaining  58  per  cent  over  the  preceding  year. 

As  already  described,  and  as  indicated  by  the  columnar  sections  in 
fig.  2  (p.  119),  coals  occur  at  twenty  horizons,  at  least,  but  many  of 
these  are  local  in  extent  and  worthless.  Only  two  beds  are  now 
mined,  Nos.  7  and  5,  but  inasmuch  as  three  or  more  lower  coals  are 
workable  in  adjoining  areas  to  the  south  and  east  and  in  other  parts 
of  Illinois,  it  seems  likely  that  drilling  may  show  similar  conditions  in 
parts  of  this  region.  . 

EXTENT  OF  COAL  DEPOSITS. 

The  areal  extent  of  workable  coals  has  been  only  partly  determined, 
for  the  persistence  of  thick  beds  in  the  area  untested  by  borings  is 
uncertain;  the  presence  and  depth  of  preglacial  valleys  is  concealed 
by  overlying  deposits  of  glacial  drift  and  of  alluvium;  and,  in  addi- 
tion, it  is  possible  that  structural  movements  may  have  exposed  the 
coals  to  preglacial  erosion  to  a  degree  not  now  suspected. 

In  the  New  Haven  quadrangle  coals  Nos.  7  and  5  will  very  proba- 
bly prove  to  be  workable.  Their  horizons  imdoubtedly  occur  xmder 
the  various  hill  tracts  indicated  on  PL  VIII  (p.  120),  and,  in  the 
absence  of  evidence  to  the  contrary,  presumably  also  under  the  inter- 
vening areas,  which  are  covered  by  glacial  and  fluvial  deposits.  The 
only  information  serving  to  indicate  their  probable  depth  below  the 
surface  is  oflFered  by  the  outcrops  of  the  supposed  Carthage  limestone 
and  other  related  beds  at  the  locations  indicated  on  the  map.  Though 
the  thickness  of  the  beds  here  is  doubtful,  they  are  generally  workable 
in  western  Kentucky.  They  are  mined  near  the  southeast  comer 
of  the  quadrangle  at  Morganfield,  and  they  are  presumably  minable 
also  at  Mount  Vernon,  Ind.,  near  the  northeast  comer,  at  depths  of 
625  and  710  feet  respectively."  In  view  of  these  facts  and  the  gen- 
eral thick  development  of  these  coals  under  the  Eldorado  quadrangle, 
it  seems  likely  that  they  are  workable  under  most  of  this  area  also 
imless  preglacial  erosion  lines  are  deep  and  extensive. 

•Cofe  record  of  Mount  Vernon  Cool  and  Mining  Company. 
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Under  the  Eldorado  quadrangle  coal  No.  7  Ls  probably  everywhere 
present  except  in  a  small  area  along  the  south  margin,  as  indicated  by 
its  outcrop  shown  on  PI.  VIII.  It  is  absent  in  the  southwest  comer 
in  borings  at  Iocs.  85-87,  and  has  been  eroded  from  the  middle  of  the 
valley,  separating  the  hills  at  Cottage  Grove  and  Equality.  From 
the  latter  place  it  is  absent  to  a  point  a  little  east  of  Iocs.  75  and  76, 
where  it  reappears.  The  presence  of  the  coal  southward  from  Equal- 
ity to  the  Gold  Hill  Range  is  doubtful,  because  of  the  probability  of 
structural  irregularities  and  preglacial  erosion.  Coal  No.  5  has  simi- 
lar but  somewhat  greater  extent  than  No.  7.  It  is  known  to  extend 
beyond  the  margin  of  the  Eldorado  quadrangle  in  the  southwest 
corner.  East  of  Equality  it  is  absent  for  a  short  distance  between 
North  Fork  of  Saline  River  and  Iocs.  75  and  76,  also  for  a  short  dis- 
tance farther  east.  This  statement  presupposes  that  the  changes  in 
altitude  of  the  rock  between  Equality  and  Junction  are  due,  not  to  a 
fault,  but  to  uniform  dips. 

DESCRIPTION  OF  COALS  NOW  MINED. 

Of  the  coals  now  worked,  to  judge  from  chemical  analyses  and  from 
the  physical  conditions  of  the  beds  and  their  overlying  and  underlying 
rocks.  No.  5  is  more  valuable  than  No.  7,  though  the  latter  is  never- 
theless an  excellent  bed. 

GOAL  NO.  5  (HARRISBTJBO  GOAL). 

Coal  No.  5,  which  is  identical  with  No.  9  in  Kentucky,  is  extensively 
mined  at  Ilarrisburg,  Eldorado,  Equality,  and  near-by  points,  as 
shown  by  the  accompanying  table  of  mines  (p.  136).  It  lies  about  100 
feet  below  coal  No.  7,  and  probably  about  390  feet  below  the  Carthage 
limestone.  It  is  about  90  feet  above  coal  No.  4,  and  430  feet  or  more 
above  the  Casejrville  conglomerate. 

The  uniform  thickness  and  purity  of  the  bed  is  characteristic.  As 
observed  or  reported  at  56  places  in  the  area,  it  averages  4  feet  11 
inches  in  thickness;  at  only  two  of  these  is  it  less  than  4  feet,  and  at 
two  it  exceeds  6  feet.  Based  on  the  average  thickness  of  this  coal 
and  a  specific  gravity  of  1.3,  as  determined  for  one  sample,  each  acre 
underlain  by  it  contains  about  8,700  tons.  The  coal  is  either  lustrous 
or  dull  black,  and  here  and  there  streaked  with  ^'mother  coaP*  or 
''mineral  charcoal.^'  Only  a  few  bands  or  patches  of  sulphur  are 
present,  and  while  these  are  most  likely  to  occur  near  the  top  of  the 
bed,  they  are  merely  local  features.  The  coal  ranges  from  rather 
hard  and  tough  to  soft  and  brittle,  and  has  a  hackly  fracture. 

The  mining  conditions  of  coal  No.  5  are  excellent.  The  roof  isa 
hard  shale  which  usually  stays  up  well  without  excessive  timbering. 
It  is  characterized  by  the  presence  of  pyrite  balls,  or  " niggerheads," 
and  more  rarely  is  associated  with  thin  bands  of  limestone  within  2  or  3 
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feet  of  the  coal.  In  several  mines  the  shale  adheres  closely  to  the  coal, 
and  some  falls  with  it.  Beneath  the  bed  occurs  a  thin  layer  of  fire  clay. 
The  coal  is  easily  cut  in  all  directions,  there  being  no  strong  develop- 
ment of  face  or  butt  cleats.  In  a  few  mines  this  bed  generates  inflam- 
mable gas,  but  it  is  not  dangerous  under  normal  mining  conditions. 
Analyses  of  coal  No.  5  and  of  one  coke  sample  from  this  bed  are  given 
in  the  table  on  page  135.  At  Dekoven,  Ky.,  this  coal  is  coked  exten- 
sively after  washing.  At  Equality  the  Gallatin  Coal  and  Coke 
Company  converts  its  slack  into  coke,  which  is  marketable,  although 
somewhat  higher  in  ash  and  sulphur  than  is  desired.  Experiments 
are  now  in  progress  looking  to  improvement  of  the  quality.  As 
Illinois  produces  no  coke  except  from  this  bed,  so  far  as  shown  by 
published  reports,  thorough  experiments  with  it  are  very  desirable. 

COAL  NO.  7  (SQUALTTT  COAL) . 

Coal  No.  7  is  mined  for  shipment  at  Norris  City,  and  for  home  use  at 
two  small  mines  near  Equality,  where  the  bed  outcrops.  It  is  iden- 
tical with  coal  No.  11  of  Kentucky.  The  position  of  the  bed  is 
approximately  50  feet  below  coal  No.  8,  55  feet  above  coal  No.  6,  and 
90  to  128  feet  above  coal  No.  5.  It  is  thought  to  lie  about  275  feet 
below  the  Carthage  limestone  and  550  feet  or  more  above  the  Casey- 
ville  conglomerate. 

The  average  thickness  of  the  bed,  as  reliably  indicated  at  61  places 
in  the  area,  is  4  feet  4  inches.     In  seven  of  these  localities  it  is  less  than 

4  feet  thick,  and  in  four  others  is  practically  absent.  Present  data 
indicate  that  the  areas  of  thin  coal  are  only  local,  and  that  there  is  no 
definite  tendency  to  thin  out  in  any  particular  direction.  Thus  the 
coal  may  be  well  developed  within  three-fourths  of  a  mile  from  points 
where  borings  show  it  to  be  less  than  4  feet  thick.  At  Norris  City, 
where  the  greatest  measurements  were  obtained,  the  bed  ranges  from 

5  feet  9  inches  to  6  feet  6  inches.  The  coal  is  lustrous  black,  and 
where  seen  is  tender  and  brittle.  The  high'quahty  of  the  coal  itself  is 
impaired  by  a  persistent  band  of  clay  shale,  which  ranges  from  half  an 
inch  to  3  inches,  and  averages  about  2  inches  in  thickness.  This 
occurs  from  12  to  24  inches  above  the  fire  clay,  but  usually  about  18 
inches.  From  6  to  10  inches  below  the  top  of  the  coal  there  is  also  a 
rather  persistent  sulphur  streak,  which  is  usually  less  than  one-half 
inch  thick,  but  may  measure  1  inch.  A  few  other  patches  or 
streaks  of  sulphur  occur  locally  through  the  bed.  Analyses  of  coal 
No.  7  appear  in  the  accompanjdng  table  (p.  135). 

The  mining  conditions  of  this  bed,  though  not  known  from  extensive 
operations,  are  apparently  good*.  A  layer  of  black  shale,  varying  in 
thickness  up  to  17  inches,  and  locally  banded,  separates  the  top  of  the 
coal  from  a  limestone  that  is  from  4  to  7  feet  thick.  However,  sand- 
stone is  said  to  overlie  and  partly  cut  out  the  coal  at  places  in  the 
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mine  at  loc.  67.  Care  is  necessary  to  prevent  the  shale  from  falling 
with  the  coal.  The  bed  is  underlain  by  1  to  5  feet  of  fire  clay.  Here 
and  there  small  rolls  or  horsebacks  are  present,  and  the  character  of  the 
roof  and  floor  is  such  that  squeeze  or  creep  is  liable  to  occur  imless 
care  is  exercised  in  mining. 

CHEMICAL  ANALYSES   OP    THE  COALS. 

The  accompanying  analyses  indicate  that  the  coals  of  this  area  rank 
with  the  very  best  of  the  State.  The  several  results,  however,  are  not 
equally  suited  for  close  comparison  with  other  analyses,  since  some 
represent  samples  which  were  taken  and  analyzed  imder  imknown 
conditions,  and  even  though  they  may  have  been,  when  fresh,  truly 
representative  of  the  several  mines,  they  are  not  known  to  have  been 
similarly  handled,  either  to  preserve  the  normal  moisture  content  or  to 
expel  part  or  all  of  it.  Higher  efficiency,  of  course,  is  shown  by  dried 
samples,  other  things  being  equal,  than  by  those  which  contain  mois- 
ture. Varying  amounts  of  time  elapsed  between  taking  and  analyzing 
the  several  samples,  and  it  has  been  shown  by  chemists  at  the  State 
Geological  Survey  that  those  which  stand  long  before  analysis  lose 
volatile  matter  when  opened,  and  that  the  resulting  efficiency  deter- 
minations are  really  lower  than  they  should  be.  The  analyses  here 
presented  were  obtained  under  the  conditions  described  below. 

Analyses  1,  14,  17,  and  18  were  made  by  W.  F.  Wheeler,  of  the 
Illinois  Geological  Survey,  from  samples  collected  by  the  writer  in 
the  following  manner:  A  clean  exposure,  representative  of  the 
average  condition  of  the  bed,  was  grooved  from  top  to  bottom  and 
the  sample  collected  on  clean  oilcloth.  No  impurities  were  thrown 
out  except  those  usually  excluded  from  commercial  shipments.  The 
sample  was  further  prepared  in  the  mine  or  at  the  surface  by  crushing, 
mixing,  (juartering,  and  sealing  in  an  air-tight  can  as  quickly  as 
possible  in  order  to  preserve  the  normal  moistiu-e  of  the  coal.  Anal- 
yses were  made  after  four  to  five  months  without  air  drying  the 
samples. 

Analysis  1  represents  a  sample  from  the  end  of  the  first  west  entry 
off  the  main  south  entry,  about  1,000  feet  from  the  shaft,  where  the 
coal  measures  4  feet  6  inches.  The  sample  was  prepared  in  the  mine 
without  excluding  impurities  and  was  immediately  sealed  on  reaching 
the  surface.  It  is  probable  that  some  extraneous  water  reached  the 
sample  while  ascending  the  shaft. 

Analysis  14  represents  the  bed  at  the  end  of  the  first  main  north 
entry,  400  feet  from  the  shaft,  where  it  has  a  thickness  of  5  feet  4 
inches.  A  little  of  the  sulphur  showing  at  this  place  was  excluded 
from  the  sample.  The  coal  was  prepared  and  sealed  promptly  above 
groxmd. 


COAL  IN   SALINE-GALLATIN   FIELD,   ILLINOIS.  133 

Analysis  17  represents  the  coal  at  the  end  of  the  first  entry  off  the 
main  entry,  where  it  measures  4  feet  7  inches,  and  shows  no  impuri- 
ties which  are  excluded  from  shipment.  This  sample  was  prepared 
and  sealed  within  five  minutes  after  leaving  the  mine. 

Analysis  18  represents  coal  taken  at  the  country  mine  of  Mr. 
Dobbin,  where  the  following  section  was  measured: 

Section  in  Dobbin^s  mine. 

Ft.  In. 

Limestone .* 4 

Shale , 1 

1.  Coal 6 

2.  Sulphur  and  shale .* 1 

3.  Coal 2  7 

4.  Shale 2i 

5.  Coal 10 

Fire  clay 4-f- 

Total  coal  bed 4        2 

Impurities  from  layers  2  and  4  are  picked  from  the  coal  before 
marketing  and  are  excluded  from  the  sample. 

Analyses  8,  13,  and  16  were  made  without  air  drying  by  W.  F. 
Wheeler,  of  the  State  Geological  Survey,  from  samples  collected  by 
F.  F.  Grout  in  the  manner  already  described.  When  analyzed,  these 
samples  had  stood  sealed  for  eleven  months. 

Analysis  8  represents  a  sample  taken  in  the  second  room  off  the 
second  west  entry,  where  the  coal  measures  56  inches  thick  and 
shows  no  persistent  bands. 

Analysis  13  represents  the  coal  in  the  first  room  off  the  second 
east  entry  on  the  north,  where  the  following  section  was  measured: 

Section  in  0*Oara  mine  No.  12. 

Shale,  pebbly  (many  feet).  Inches. 

Draw  slate,  second 5 

Draw  slate,  first 7 

1.  Coal 27 

2.  Sulphur J-  1 

3 .  Coal 32 

Fire  clay. 

Total  coal  bed fiO 

The  sample  includes  layers  1  and  3.  No.  1  has  two  partings  of 
sulphur  3  inches  and  8  inches  from  the  top  which  are  not  persistent, 
but  are  common  in  the  mine. 
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Analysis  16  was  made  from  a  sample  obtained  near  the  shaft, 
which  includes  Nos.  1,  3,  and  5  of  the  following  measured  section: 

Section  in  mine  of  Norris  City  Coal  Company. 

Pt.        in. 

Limestone 4          6 

Shale 2-16 

1.  Coal 7 

2.  Sulphur , i 

3 .  Coal 31 

4.  Blue  band up  to  3 

5.  Coal 18 

Fire  clay. 

Analyses  2  to  7,  inclusive,  by  Prof.  S.  W.  Parr,  of  the  State  Uni- 
versity of  Illinois,  were  recently  published  in  Bulletin  No.  3  of  the 
State  Geological  Survey.  The  samples  were  collected  in  canvas 
bags  at  the  mines  from  the  surface  of  car  lots  prepared  for  shipment, 
and  were  sealed  in  air-tight  jars  in  the  laboratory.  Since  the  mois- 
ture of  the  samples  after  shipment  differed  presumably  by  varying 
amoimts  from  that  shown  under  normal  conditions  in  the  mines, 
analyses  were  preceded  by  air  drying. 

Of  analyses  9,  10,  11,  and  12,  kindly  furnished  by  Superintendent 
Thomas,  of  the  O'Gara  Coal  Company,  No.  9  was  made  by  Professor 
Parr  and  the  others  by  various  private  chemists.  The  exact  method 
of  sampling  and  treatment  before  analysis  is  not  stated. 

Analysis  15,  made  by  the  General  Chemical  Company,  of  Chicago, 
was  obtained  through  the  courtesy  of  Supt.  J.  B.  Kitch,  of  the  National 
Mining  Company.  The  percentage  noted  in  the  sulphur  column 
includes  "sulphur  and  waste.'* 

Analyses  19  and  20,  made  by  Regis  Chauvenet  &  Bro.,  of  St. 
Louis,  for  the  Gallatin  Coal  and  Coke  Company,  were  kindly  furnished 
by  President  Hugh  Murray. 
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DESCRIPTION  OF  COAL  MINES. 

The  appended  table  presents  a  list  of  the  coal  mines  of  this  area. 
Inasmuch  as  the  district  includes  old  and  new  mines,  both  primitive 
and  modem  methods  of  mining  are  employed.  This  paper  does  not 
review  in  detail  the  technology  of  these  mining  methods,  but  merely 
outlines  prevalent  or  important  conditions. 

In  the  mines  visited,"  which  are  laid  out  according  to  various 
adaptations  of  the  room-and-pillar  plan,  pick  mining  prevails,  and 
the  coal  is  shot  down,  then  hauled  in  wooden  cars  of  1  to  2  tons 
capacity,  by  mules.  Usually  the  shafts  are  divided  into  two  parts, 
9  by  14  feet  each,  and  are  provided  with  single-decked  cages  of  metal 
construction,  with  safety  clutches.  The  most  popular  hoisting  engine 
is  one  that  acta  directly  on  a  6-foot  drum.  The  coal  dumps  auto- 
matically into  scales  and  into  shaker  or  revolving  screens.  Box-car 
loaders  are  employed  to  a  small  extent.  The  mines  require  little 
pumping,  and  some  need  sprinkling  in  certain  seasons.  Ventilation 
is  usually  effected  by  Capell  propelling  fans  about  12  feet  in  diameter. 
Speaking  tubes  between  engine  room  and  shaft  bottom  are  installed 
in  a  few  mines,  and  electric  lights  are  also  used  undei^ound  by  the 
National  Mining  Company. 

Screened  coal  chiefly  is  sliipped,  and  although  no  figures  were  col- 
lected to  show  the  sizes  made  it  is  estimated  that  in  some  cases  as 
much  as  30  per  cent  is  slack.  This  condition  is  almost  certain  to  be 
remedied  by  the  introduction  of  machine  mining.  As  already  stated, 
at  Equality  the  slack  of  coal  No.  5,  after  washing,  makes  a  market- 
able coke,  and  the  further  development  and  perfection  of  this  process 
is  thought  to  promise  much  for  this  field. 

Partial  list  of  coalmina  in  Saline-GaUatin  JUld.  IlUnoit. 


Ewit  Side  Coal  Co. 


Hargravi> 

MoL^n 

NmIod>I  Mining  Co. . . 
NorrliCityCiuiCo  .. 


O'Gnia  Ccwl  Co..  No. 
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THE  ARKANSAS  COAL  FIELD. 


By  Arthur  J.  Collier. 


rNTRODU  CTION. 

Both  the  Carboniferous  and  Tertiary  rocks  of  Arkansas  contain 
extensive  deposits  of  coal,  but  only  those  of  the  older  system  have 
been  exploited  and  are  known  to  the  trade.  They  grade  from  bitu- 
minous to  semianthracite,  and  recent  experiments  at  the  United 
States  Geological  Survey  fuel-testing  plant  have  demonstrated  that 
they  are  of  a  quality  not  to  be  found  elsewhere  in  the  United  States 
west  of  West  Virginia.**  Mining  operations  within  the  field  have 
demonstrated  that  its  structure  is  more  complex  and  the  areas  of 
workable  coal  more  limited  than  the  results  of  previous  surveys 
would  indicate.*^  For  these  reasons  a  detailed  reconnaissance  of  the 
field  was  made  from  March  1  to  August  1, 1906,  the  results  of  which  are 
embodied  in  Bulletin  No.  326  of  the  United  States  Geological  Survey, 
soon  to  be  issued,  from  which  the  following  paper  is  abstracted. 

GEOGRAPHY. 

The  coal  field  herein  described  is  situated  in  the  western  part  of 
Arkansas,  adjoining  the  Indian  Territory  line,  from  which  it  extends 
eastward  along  the  Arkansas  River  valley  for  75  miles.  (See  PI.  IX.) 
It  is  about  50  miles  wide  at  its  west  end,  but  the  belt  containing 
workable  coal  contracts  abruptly  12  miles  from  the  boundary,  and 
beyond  this  point  the  average  width  is  not  more  than  20  miles.  The 
workable  coal  areas  are  more  or  less  irregularly  distributed  over  this 
district,  and  many  of  them  are  in  detached  basins  not  known  to  be 
connected  with  one  another.  The  productive  areas  of  the  east  end 
of  the  field  are  north  of  Arkansas  River;  those  of  the  west  end  are 
south  of  it. 

o Campbell,  M.  R.,  ClaMiflcation  of  coals,  in  Report  on  the  operationa  of  the  cotil-testing  plant:  Prof. 
Paper  U.  S.  Oeol.  Sarvey  No.  48, 1906,  pp.  156-173. 

b  The  Oeological  Survey  of  Arkansas,  under  the  direction  of  Dr.  J.  C.  Branncr,  made  a  comprehensive 
inveetigBtion  of  this  coal  field  and  in  1888  published  a  preliminary  report  entitled  "Geology  of  the  coal 
regions,"  by  Arthur  Winslow.  (See  Ann.  Rept.  Geoi.  Survey  Arkansas,  ]$88,  vol.  3.)  Mr.  Winslow's 
final  report  haa,  anfortimatdy,  never  been  published.  The  top<^raphic  maps  made  to  accompany  this 
report  were  prepared  Jointly  by  the  State  and  Federal  surveys,  and  they  have  been  used  in  the  present 
investlgaUon. 
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Fort  Smith,  the  center  of  the  coal-mining  industry,  is  the  princi- 
pal town  in  western  Arkansas  and  has  a  population  of  about  20,000.** 
It  is  approximately  250  miles  from  Kansas  City,  350  miles  from  St. 
Louis,  and  400  miles  from  the  Gulf  of  Mexico,  with  which  points  it 
is  connected  by  railroads.  Branch  lines  and  independent  railroads 
of  less  importance  radiate  from  Fort  Smith  and  afford  transporta- 
tion to  the  various  local  mining  centers. 

GENERAIi  GEOIiOGY. 

The  Arkansas  field  comprises  the  east  end  of  a  large  area  of  coal 
land  which  has  its  greatest  extent  in  Indian  Territory,  where  the 
stratigrapliic  relations  have  already  been  studied  in  detail  and 
mapped  by  the  geologists  of  this  Survey.  A  part  of  the  northern 
edge  of  the  coal  field  in  Arkansas  has  also  been  mapped  and  the 
results  of  these  investigations  published  or  submitted  for  publica- 
tion.'' The  formations  comprising  the  stratigraphic  column  in 
Arkansas  are  directly  comparable  to  those  of  Indian  Territory  and 
there  is  also  a  marked  similarity  in  the  general  type  of  geologic 
structure  in  the  two  districts.  The  various  rock  formations  as 
defined  and  named  in  Indian  Territory  are  therefore  practically 
identical  with  those  which  are  present  in  the  Arkansas  coal  field. 

STRUCTURE. 
GENERAL   CONDITIONS. 

The  coal  field  lies  in  a  long,  comparatively  narrow  synclinal  trough 
extending  eastward  along  the  Arkansas  River  valley  from  the  Indian 
Territory  line.  North  and  south  of  the  field  the  coal-bearing  strata 
have  been  eroded,  leaving  only  barren  rocks  exposed.  This  trough 
lies  between  the  Boston  Mountains  on  the  north  and  the  Ouachita 
Mountains  on  the  south.  These  ranges,  as  will  be  shown,  are  very 
diverse  in  their  geologic  structure. 

The  various  strata  comprising  the  Ouachita  Moimtain  mass  have 
been  compressed  in  a  north-south  direction,  being  thrown  into  folds 
whose  axes  extend  approximately  east  and  west.  Subsequent  to 
this  crumpling  the  upper  parts  of  the  folds  have  been  eroded,  leaving 
the  edges  of  the  harder  beds  projecting  in  ridges  as  we  now  find  them. 
In  the  process  of  folding  the  strata  were  oft^n  broken  and  in  many 
localities  the  beds  slipped  out  of  place,  so  that  their  outcrops  are  not 

a  The  population  of  Fort  Smith  in  1900,  as  determined  by  the  Eleventh  Censuw.  was  11.587. 

b  Taff,  J.  A.,  and  Adams,  G.  1.,  Geology  of  the  eastern  Choctaw  coal  field:  Twenty-first  Ann.  Rept. 
U.  S.  Gool.  Survey,  pt.  2.  1900.  pp.  259-311.  TafT,  J.  A.,  Geologic  Atlas  V.  S.,  Coalgate  folio  (No.  74), 
1901;  Atoka  folio  (No.  79).  1902:  Tahlequah  folio  (No.  122).  190,").  Sallisaw  and  V\  indingstair  folios,  Id 
preparation:  The  southwestern  coal  field:  Twenty-second  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  .1. 1902.  pp. 
301-413;  Maps  of  .H<'pn»gated  coal  lands  in  Indiana  Terntor>':  l'.  8.  Dept.  Interior  Circulnrs  Nos.  1,2,3. 
4, 5,  6, 1904.    Purdue,  A.  II.,  Geologic  Atlas  V.  8.,  Winslow  folio,  in  preparation. 
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now  continuous  for  very  great  distances.  In  general  these  fractures 
are  oi  the  type  called  thrust  f aults,  and  the  rocks  on  the  south  side 
have  ridden  over  those  on  the  north.  The  faults  extend  approxi- 
mately east  and  west,  parallel  with  the  trend  of  the  ridges. 

The  rocks  of  the  Boston  Mountain  province  are  not  folded  like 
those  of  the  Ouachita  province,  but,  on  the  other  hand,  are  in  most 
places  only  slightly  distorted  from  their  original  positions,  and  are 
characterized  by  Jow  dips.  This  part  of  the  earth's  crust  appears  to 
have  been  raised  up  into  a  broad,  flat  dome.  Where  such  a  move- 
ment bas  occurred  the  beds  at  the  two  levels  must  either  bend  or 
break,  and  both  kinds  of  adjustment  are  to  be  seen  along  the  southern 
margin  of  this  mountain  province.  The  flexures  are  of  the  type 
described  as  monoclines  or  monoclinal  folds,  and  the  fractures  or 
faults  are  of  the  normal  type,  diflFering  from  those  in  the  Ouachita 
Mountains  in  that  they  occur  in  beds  not  crumpled  by  lateral  pres- 
sure and  otherwise  little  disturbed  from  their  original  positions. 
Normal  faults  of  this  type  are  characteristic  of  the  geologic  structure 
of  the  Boston  Mountains,  and  a  series  of  them  extends  approximately 
east  and  west  along  the  north  side  of  the  Arkansas  Valley,  separating 
the  Boston  Mountain  province  from  the  coal  field.  It  will  be  seen 
from  this  description  that  the  Arkansas  Valley  syncline,  which  con- 
tains the  coal  field,  is  peculiar  in  that  on  the  south  side  the  underly- 
ing rocks  rise  up  by  pronounced  folds  and  thrust  faults,  whereas  on 
the  north  side  they  are  brought  to  the  surface  by  a  simple  monoclinal 
uplift,  accompanied  at  many  places  by  normal  faulting.  The  struc- 
ture within  the  coal  field  partakes  of  the  nature  of  both  these  types. 

•ANTICLINES. 

Although  the  field  in  general  may  be  described  as  a  synclinal 
trough,  in  its  detail  it  is  folded  into  a  number  of  minor  interlocking 
synclines  and  anticlines,  which  have  east-west  axes  only  a  few  miles 
in  length.  The  position  And  extent  of  these  axes  are  shown  on  the 
map  (PI.  IX). 

One  of  the  best-known  anticlines  in  the  whole  district  is  that  in 
Backbone  Ridge,  between  Bonanza  and  Hackett,  which  extends 
from  the  State  line  eastward  for  7  or  8  miles.  The  coal-bearing  beds 
which  outcrop  on  both  sides  of  this  ridge  are  steeply  tilted  and  in  its 
axis  rocks  lying  far  below  the  coal  horizon  are  exposed.  This  anti- 
cline is  an  unsymmetrical  fold  of  the  Ouachita  Mountain  type  and 
represents  a  thrusting  of  the  rocks  from  the  south  over  those  on  the 
north  side  of  the  axis.  The  strata  are  broken,  and  a  well-marked 
thrust  fault  has  been  traced  along  the  axis  for  several  miles. 

A  somewhat  similar  fold  with  overthrust  of  the  rocks  from  the 
south  is  indicated  by  Devils  Backbone  and  Pine  ridges,  which  mark 
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the  southern  boundary  of  the  coal  field  in  the  region  east  of  Green- 
wood. 

The  Prairie  View  anticline,  in  the  eastern  part  of  the  field,  is 
another  important  fold,  as  it  brings  up  the  rocks  below  the  coal 
horizon  and  forms  a  barren  area.  This  fold  is  probably  also  of  the 
Ouachita  type,  inasmuch  as  there  is  a  fault  with  downthrow  to  the 
north  along  its  northern  limb. 

Most  of  the  other  anticlines  indicated  on  the  map  are  more  mod- 
erate flexures  not  accompanied  by  faults,  although  those  of  the 
southern  part  of  the  field  are  usually  unsymmetrical,  the  steeper  dips 
being  on  the  north. 

The  Massard  Prairie  anticline,  a  broad  open  fold  southeast  of  Fort 
Smith,  and  the  Hartford  or  Coops  Prairie  anticline,  south  of  Mans- 
field, have  been  successfully  exploited  for  natural  gas. 

SYNCLINES. 

The  synclines  are  as  a  rule  broad,  open  folds  which  carry  the  prin- 
cipal coal  horizon  only  to  moderate  depths.  Generally  those  of  the 
southern  part  of  the  field  are  unsymmetrical,  the  dips  on  the  south 
side  being  steeper  than  those  on  the  north.  Their  axes  are  marked 
in  many  places  by  high  hills  or  buttes  formed  by  the  erosion  of  flat- 
lying  beds.  Poteau,  Sugarloaf,  Short,  and  Magazine  mountains  are 
of  this  character,  and  below  them  the  principal  coal  horizon  attains  its 
maximum  depth  from  the  surface  in  the  Arkansas  field.  Many  of 
the  shallower  synclines  contain  extensive  areas  of  coal  that  are  work- 
able under  present  conditions.  These  are  further  described  in  con- 
nection with  the  coal  beds  (pp.  142-157). 

FAULTS. 

The  faults  indicated  on  the  map  (PI.  IX)  include  both  normal  and 
thrust  types.  Eleven  faults  of  large  proportions  and  a  number  of 
smaller  unimportant  ones  are  known  within  the  coal  field,  and  it  is 
probable  that  there  are  others  which  were  not  recognized  in  this 
somewhat  rapid  reconnaissance.  Most  of  these  are  mapped  here  for 
the  first  time  and  were  not  discovered  by  previous  surveys.  The 
recognition  of  features  of  this  kind  in  a  region  like  the  Arkansas  coal 
field,  where  all  the  rocks  arc  so  similar  to  each  other,  is  very  difficult, 
and  it  has  been  practically  impossible  to  locate  them  at  all  points 
with  the  accuracy  desired.  Their  positions  as  shown  on  the  map 
must  therefore  be  regarded  as  only  approximate. 

The  best-known  fault  in  the  district  is  that  along  the  axis  of  Back- 
bone Ridge.  This  displacement  was  recognized  by  the  geologists  of 
the  Arkansas  Survey  and  is  represented  on  the  geologic  map  pub- 
lished in  the  preliminary  report  on  the  coal  field.     Its  west  end  in 
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Indian  Territory  has  also  been  located.  It  extends  from  the  bound- 
ary eastward  for  about  8  miles  to  a  point  a  mile  northwest  of  Green- 
wood. Measurements  made  during  the  last  field  season  indicate 
that  the  displacement  is  nearly  5,000  feet  at  the  State  line.  This 
fault  is  of  the  thrust  type.  It  occurs  in  barren  rocks  and  does  not 
affect  the  economic  value  of  the  field.  Faults  of  similar  character 
probably  also  occur  in  some  places  along  the  southern  boundary  or 
the  coal  field  in  what  is  known  as  Devils  Backbone  Ridge  at  Chism- 
ville  and  Pine  Ridge  farther  east. 

The  Prairie  View  fault,  which  extends  from  sec.  25,  T.  8  N.,  R.  25 
W.,  eastward  for  about  7  miles  to  Arkansas  River,  is  probably  also  of 
the  thrust  type,  since  it  is  associated  with  a  rather  pronoimced  fold 
and  the  downthrow  is  to  the  north.  The  displacement  is  not  less 
than  500  feet.  This  fault  defines  the  southern  limit  of  what  is  called 
the  Prairie  View  coal  field. 

The  faults  which  occur  along  the  northern  edge  of  the  coal  field  are 
of  the  normal  type,  with  the  downthrow  usually  to  the  south.  They 
are  much  more  difficult  to  discover  than  those  described,  since  the 
evidence  for  them  is  obscure,  and  they  are  very  troublesome  to  the 
geologist  who  attempts  to  interpret  the  structure  of  the  coal  field. 
At  their  extremities  the  displacement  gradually  grows  less  and  dis- 
appears so  that  the  beds  can  be  traced  continuously  around  the  ends. 
By  many  of  the  faults,  however,  sandstone  beds  are  brought  against 
other  sandstones  and  shales  against  shales,  so  that  it  is  only  by  the 
most  careful  study  that  the  displacement  can  be  recognized  or  its 
nature  determined.  The  displacement  by  these  faults  is  compara- 
tively small,  the  maximum  amount  known  being  only  500  feet. 

STRATIGRAPHY. 

All  the  rocks  of  the  coal  field  belong  to  the  upper  Carboniferous,  or 
Pennsylvanian  series.  They  present  a  rather  monotonous  sequence 
of  sandstones  and  shales,  with  little  contrast  between  individual 
beds.  Except  the  coal  beds  themselves  there  are  no  members  that 
can  be  identified  with  certainty  by  lithologic  characters.  Lime- 
stones, which  in  many  other  fields  aid  the  geologist  by  serving  as 
horizon  markers,  are  here  almost  totally  wanting.  Fossil  plants 
and  invertebrate  animals  are  fairly  abundant  at  certain  horizons, 
but  there  was  very  little  change  in  plant  and  animal  life  during  the 
period  when  these  rocks  were  deposited,  and  such  fossils  are  therefore 
of  little  use  in  stratigraphic  correlations.  There  is  also  much  varia- 
tion locally  in  the  rocks,  especially  in  the  sandstone  lenses,  and  cor- 
relations from  one  part  of  the  field  to  another  based  on  lithologic 
similarity  are  of  little  value. 


142       CONTRIBUTIONS   TO   ECONOMIC   GEOLOGY,   1906,   PART   II. 

The  coal-bearing  rocks  in  Indian  Territory  comprise  several 
thousand  feet  of  sandstones  and  shales,  which  have  been  divided  as 
follows : 

Coal-bearing  formations  of  Indian  Territory. 

Feet. 

Boggy  shale , 2, 000 

Savanna  eandstoiu* 1, 000 

McAlester  shale 2, 000 

Hartshome  sandstone 200 

The  coal-bearing  rocks  of  Arkansas  are  less  than  2,000  feet  thick 
and  are  equivalent  to  the  McAlester  shale  of  Indian  Territory.  The 
Hartshome  sandstone  at  the  base  of  the  section  is  a  thin  but  very 
persistent  formation,  which  has  been  traced  for  150  miles  along  the 
southern  edge  of  the  Indian  Territory  field,  but  has  not  heretofore 
been  identified  at  its  northern  edge.  In  Arkansas  this  sandstone 
member  has  been  traced  eastward  from  the  State  line  for  75  miles  to 
the  eastern  extremity  of  the  coal  field  and  has  also  been  identified 
along  the  northern  edge  of  the  field.  Although  it  is  thin  and  some- 
what variable,  it  is  rather  more  distinctive  than  most  of  the  members 
of  this  series  and  may  be  regarded  as  the  most  definitely  marked 
formation  to  be  found  in  the  region.  The  coal-bearing  rocks  of 
Arkansas  are  as  follows : 

Coal-bearing  fonnaiions  of  Arkansas. 
McAlester  group:  Feet. 

Paris  shale — sandy  shale  containing  some  thin  beds  of  sandstone  and 

including  the  Paris  coal  bed 700 

Fort  Smith  formation — shaly  sandstone  and  sandy  shale,  including  the 

Charleston,  Central,  and  Philpott  coals 400 

Spadra  shale  « — shale  including  some  lenses  of  sandstone  and  sandy  shale, 

and  ov(?rlying  the  Hartshome  coal 500 

Hartshome  sandstone 100-300 

COAIi  BEDS. 

Coal  beds  large  enough  to  be  worked  occur  in  the  coal-bearing  rocks 
in  three  stratigraphic  positions,  which  will  be  described  as  the  Harts- 
home, Charleston,  and  Paris  horizons.  The  most  important  coal  beds 
occur  at  the  base  of  the  Spadra  shale,  immediately  above  the  Harts- 
home sandstone,  in  a  stratigraphic  position  which  is  conveniently 
described  as  the  Hartshome  horizon.  The  second  coal-bearing 
horizon,  wliich  is  of  minor  importance,  is  stratigraphically  from  800  to 
900  feet  above  the  Hartshome  coal  and  will  be  called  the  Charleston 
horizon,  since  the  coal  is  best  kno>\Ti  in  the  vicinity  of  that  town. 
A  third  horizon  is  that  of  the  coal  bed  mined  at  Paris,  which  probably 
corresponds  approximately  to  the  McAlester  coal  of  Indian  Territory. 

a  The  mime  Spadra  stage  applied  to  this  formation  was  published  in  1890^|>y  John  J.  Stevenson, 
who  credited  it  to  geologists  of  the  Arkansas  Survey.  See  Trans.  New  York  Acad.  Scl.,  vol.  15, 1805, 
p.  51. 
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This  coal  is  from  1,200  to  1,400  feet  above  the  Hartshome  horizon. 
Neariy  all  the  various  coals  that  have  been  mined  in  Arkansas  can  be 
correlated  with  one  or  another  of  these  horizons,  though  some  small 
lenses  of  coal,  which  have  been  mined  for  neighborhood  use,  occur 
locally  at  many  places  in  rocks  that  lie  below  the  Hartshome  sand- 
stone, and  it  is  quite  possible  that  future  development  will  establish  the 
fact  that  there  are  small  areas  of  valuable  coal  at  other  horizons  than 
those  noted. 

COALS   OF   THE   HARTSHORNE  HORIZON. 

The  coal  beds  that  occiu*  at  or  near  the  horizon  of  the  Hartshome 
coal  are  economically  the  most  important  both  in  Indian  Territory 
and  in  Arkansas.  This  horizon  is  at  the  contact  of  the  Hartshome 
sandstone  with  the  shale  which  overlies  it,  and  in  general  the  coal  is 
taken  as  the  line  of  demarcation  between  these  formations.  There 
is,  however,  usually  from  a  few  inches  to  20  or  30  feet  of  shale  or  fire 
clay  between  the  coal  bed  and  the  hard  sandstone,  a  condition  due  to 
local  variations  either  in  the  character  of  the  upper  part  of  the  sand- 
stone member  or  in  the  exact  position  of  the  coal  itself.  The  shale  in 
its  lower  part  is  apt  to  be  sandy,  and  in  some  places  contains  lenses  of 
hard  sandstone  which  lie  immediately  above  the  coal  bed  and  make  it 
difficult  to  determine  the  contact  of  the  Hartshome  and  Spadra  for- 
mations. The  coal  bed  is  subject  to  great  local  variation  in  thickness 
and  character.  Partings  come  and  go  without  reference  to  any 
known  rule,  and  in  some  places  the  coal  is  wanting.  These  local  con- 
ditions and  variations  are  best  described  imder  the  headings  of  the 
various  districts  in  which  it  is  mined. 

BONANZA   AND  JENNY   LIND   DISTRICT. 

The  Bonanza  and  Jenny  Lind  district  lies  north  of  Backbone  Ridge 
in  Sebastian  County  and  includes  several  important  mines  which  are 
located  along  the  southern  outcrop  of  the  coal  bed  near  the  towns 
which  give  the  district  its  name.  The  position  of  the  outcrop  is 
indicated  by  the  Hartshome  sandstone,  which  is  easily  traced  along 
the  north  side  of  Backbone  Ridge  and  Biswell  Hill  to  Oak  Valley, 
where  it  turns  southward  and  connects  with  the  sandstone  that  under- 
lies the  coal  at  Greenwood  and  Hackett.  From  its  southern  outcrop 
at  Jenny  Lind  the  coal  dips  to  the  north  at  a.  low  angle  for  about  4 
nules,  reaching  a  depth  of  600  to  900  feet  below  the  surface.  It  then 
rises  with  a  still  more  gentle  slope  and  outcrops  at  several  points  on 
Massard  Prairie,  beyond  which  it  dips  northward  again  and  passes 
under  Fort  Smith.  In  this  district  the  areas  in  which  the  coal  is  near 
the  stuface  are  indicated  by  the  extent  of  Long  and  Massard  prairies. 

In  the  basin  north  of  Jenny  Lind  the  greatest  depth  to  coal  probably 
does  not  exceed  850  feet,  while  in  a  large  part  of  the  district  it  is  within 
9411— Bull.  3ie-07 10 
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500  feet  of  the  surface.  At  Central,  a  small  town  6  miles  northeast  of 
Jenny  Lind,  coal  has  been  mined  from  a  smaller  bed  estimated  to  be 
about  850  feet  above  the  Hartshome  coal;  this  bed  is  described  in 
connection  with  the  Charleston  horizon  (p.  154).  The  nature  of  the 
Hartshome  coal  bed  is  best  known  in  this  district  along  the  outcrop 
between  Bonanza  and  Jenny  Lind,  where  it  has  been  mined  for  2} 
miles  northward  from  the  outcrop.  It  is  thick  enough  for  mining 
along  this  outerop  line  for  10  miles,  nearly  all  the  way  from  Bonanza 
to  Oak  Valley,  beyond  which  point  it  is  reported  to  be  too  thin  for 
mining.  In  general  the  bed  consists  of  two  benches  of  coal  with  a 
variable  shale  parting  near  the  center.  It  is  thickest  in  a  mine  near 
Jenny  Lind,  where  it  measures  over  6  feet  in  some  places,  but  thins 
gradually  east  and  west  from  this  point,  being  less  than  4  feet  thick  at 
the  State  line,  5  miles  to  the  west,  and  not  more  than  3  feet  thick  at  an 
exposure  4  miles  northeast  of  Jenny  Lind. 

The  coal  in  all  these  mines  has  a  luster  which  is  somewhat  brighter 
in  the  upper  bench  than  in  the  lower.  It  is  not  very  definitely  jointed 
and  the  cleat  is  not  considered  in  mining.  In  some  places  a  definite 
system  of  joints  which  do  not  aflFect  the  coal  is  apparent  in  the  harder 
parts  of  the  roof.  The  roof  and  floor  generally  consist  of  hard,  more 
or  less  sandy  shale;  usually  the  floor  is  a  little  harder  than  the  roof. 
Neither  roof  nor  floor  has  any  features  that  are  unfavorable  to  mining, 
though  in  one  of  the  mines  (No.  18,  near  Jenny  Lind)  parts  of  the  roof 
are  apt  to  fall  on  accoimt  of  the  jointing. 

The  only  knowledge  which  we  have  of  the  coal  for  a  distance  of 
several  miles  beyond  the  northern  limit  of  present  mining  development 
is  that  obtained  by  drilling.  Over  a  comparatively  large  area  believed 
to  be  coal  land  drill  holes  have  been  put  down  to  the  coal  at  intervals 
rather  too  great  to  fully  demonstrate  the  value  of  the  land.  About  6 
miles  north  of  the  Jenny  Lind  outcrop,  however,  on  Massard  Prairie, 
this  coal  bed  shows  again,  its  outcrops  surrounding  a  barren  area  in 
the  center  of  the  prairie.  Coal  has  been  mined  here  from  strip  pits 
almost  continuously  for  a  distance  of  3  miles.  The  bed  ranges  in 
thickness  from  14  to  30  inches  and  is  divided  by  a  thin  parting  of 
shale  a  little  below  the  middle.  In  general,  the  coal  of  the  upper 
bench  is  softer  and  of  better  quality  than  that  of  the  lower. 

GREENWOOD  AND    HUNTINGTON    DISTRICT. 

The  Hartshome  coal  bed  is  continuous  over  an  extensive  region 
south  of  Backbone  Ridge,  in  Sebastian  County,  where  a  large  num- 
ber of  more  or  less  important  mines  are  located  along  its  outcrop. 
Although  the  same  bed  is  believed  to  extend  over  this  whole  region, 
the  character  of  the  coal  and  peculiarities  of  the  bed  vary  so  much 
locally  as  to  make  a  number  of  minor  divisions  necessary  m  de^ribing 
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it.  In  general,  the  whole  region  could  be  divided  by  a  line  running 
south-southwestward  from  Greenwood  into  a  western  part  in  which 
the  coal  bed  is  without  partings  and  free  from  excessive  ash,  and  an 
eastern  part  in  which  the  coal  bed  is  thicker  but  divided  and  rela- 
tively impure. 

From  Hackett,  near  the  Indian  Territory  line,  the  coal  outcrop 
south  of  Backbone  Ridge  has  been  traced  eastward  to  a  point  several 
miles  beyond  Greenwood,  where  it  turns  to  the  north  and  connects 
with  the  outcrop  of  the  Bonanza  and  Jenny  Lind  coal  bed.  From  this 
line  of  outcrop  the  bed  dips  southward  into  the  Greenwood  syncline, 
south  of  which  it  rises  and  outcrops  along  the  flank  of  Devils  Backbone 
Ridge.  This  ridge,  which  extends  far  to  the  east  in  a  nearly  straight 
line  and  marks  the  southern  boundary  of  the  coal  field,  turns  abruptly 
to  the  south  a  few  miles  southwest  of  Greenwood  and  carries  the  coal 
outcrop  to  the  heart  of  a  minor  anticline  between  Midland  and  Mont- 
real, in  sec.  13,  T.  5  N.,  R.  32  W.  The  outcrop  line  then  turns  east- 
ward, with  the  coal  dipping  to  the  south,  and  extends  for  several 
miles,  to  Huntington.  This  town  is  situated  in  a  syncline  around 
the  end  of  which  the  outcrop  turns  westward,  with  the  coal  dipping 
to  the  north,  and  extends  in  a  nearly  straight  line  to  Hartford,  where 
it  again  turns  to  the  east,  swinging  around  the  Hartford  anticline. 
The  outcrop  east  of  Hartford  was  followed  for  only  10  miles,  the  inves- 
tigation being  then  given  up  because  the  coal  bed,  although  still  of 
considerable  size,  was  found  to  be  so  divided  by  partings  as  to  make 
it  of  questionable  value. 

From  the  above  description  it  will  be  seen  that  the  Greenwood  and 
Huntington  district  covers  a  large  and  roughly  rectangular  area, 
including  several  townships  of  land  on  which  the  almost  continuous 
line  of  outcrop  indicates  that  the  coal  bed  exists  in  sufficient  size  to 
make  it  of  economic  value.  In  a  part  of  the  district,  notably  that 
immediately  east  of  the  towns  of  Montreal  and  Midland,  there  is  an 
upper  coal  bed  from  40  to  60  feet  above  the  Hartshome  coal,  which 
probably  corresponds  with  the  upper  Hartshome  coal  reported  from 
many  points  in  Indian  Territory.  Where  reported  in  Arkansas  the 
upper  Hartshome  coal  is  invariably  an  impure,  dirty  bed  broken  by 
many  shale  partings  and  is  probably  nowhere  of  economic  value. 
The  lower  coal  bed  ranges  in  thickness  from  a  minimum  of  2  feet  to  a 
maximum  of  not  less  than  8  feet.  Its  floor  is  usually  only  a  short 
distance  above  the  harder  beds  of  the  Hartshome  sandstone,  but  its 
roof  has  been  found  to  be  variable.  Although  the  roof  generally  con- 
sists of  shale,  a  heavy  lens  of  hard,  in  many  places  cross-bedded 
sandstone,  having  a  maximiun  thickness  of  60  feet,  overlies  the  coal 
bed  for  several  miles  at  Montreal  and  Burma.  In  the  northwestern 
part  of  the  district  the  bed  is  without  partings  and  is  from  2  to  3  4  feet 
thick.    In  the  southeastern  part  it  increases  hi  size  locally  to  0  or  7 


146       CONTRIBUTIONS   TO   ECONOMIC   GEOLOGY,   1906,   PART   II. 

feet  and  is  divided  by  one  or  more  partings  of  shale.  As  a  general 
rule,  chemical  analyses  show  that  the  coal  is  of  better  quality  in  the 
western  than  in  the  eastern  part  of  the  district. 

The  coal  bed  has  been  opened  in  a  number  of  mines,  small  slopes, 
and  strip  pits  along  the  whole  line  of  outcrop  described  and  some  of  the 
workings  have  extended  back  for  as  much  as  IJ  miles.  Beyond  these 
workings,  however,  the  only  source  of  information  as  to  the  character 
of  the  coal  consists  of  a  few  scattered  drill  holes.  Although  it  can  not 
be  said  that  the  whole  district  has  been  prospected  sufficiently  to 
prove  that  it  is  all  imderlain  by  valuable  deposits  of  coal,  yet  the  evi- 
dence at  hand  seems  to  indicate  that  there  is  little  doubt  that  the 
greater  part  is  valuable  coal  land.  The  coal  lies  at  its  maximum 
depth  of  1,400  to  2,500  feet  below  the  surface  beneath  Sugarloaf  and 
Poteau  mountains.  On  the  lower  lands  surrounding  the  Sugarloaf 
Mountain  it  is  not  probable  that  the  depth  of  the  coal  is  more  than  900 
feet  at  any  point,  and  the  average  depth  to  coal  probably  does  not 
exceed  600  feet.  The  details  in  the  following  paragraphs  are  given  in 
the  order  of  the  various  mines  and  openings  at  which  the  coal  has  been 
examined  along  the  lines  of  outcrop. 

Along  the  outcrop  line  south  of  Backbone  Ridge,  from  Hackett  to 
Excelsior,  the  coal  bed  is  without  partings  and  is  from  2J  to  3J  feet 
thick.  Analyses  show  that  it  is  freer  from  ash  and  probably  has  a 
higher  calorific  value  than  any  of  the  other  coals  sampled. 

For  several  miles  east  of  Excelsior  the  bed  is  thicker,  but  is  divided 
and  contains  a  higher  percentage  of  ash.  At  Greenwood  the  bed 
measures  7  feet,  with  a  shale  parting  which  ranges  from  a  fraction  of 
an  inch  to  6  inches  in  thickness.  Two  miles  farther  east,  at  the 
Fidelity  mine,  the  thickness  is  nearly  8  feet,  but  the  bed  contains 
much  bony  and  shaly  matter,,  and  only  about  4  feet  of  coal  in  one 
bench  is  available  for  mining.  East  of  Fidelity  the  bed  thins  rapidly 
and  is  not  mined. 

On  the  outcrop  line  which  follows  Devils  Backbone  Ridge  southeast 
of  Greenwood,  small  exposures  have  been  found  at  points  several 
miles  east  of  the  town,  but  no  coal  has  been  produced  nor  have  the 
beds  been  opened  sufficiently  to  permit  accurate  measurements.  The 
inclosing  rocks  are  steeply  tilted  and  in  places  slightly  overturned 
and  sheared  so  that  the  coal  is  probably  more  or  less  crushed.  Small 
amounts  of  coal  have  been  obtained  from  a  strip  pit  in  sec.  18,  T.  6  N., 
R.  30  W.,  at  a  point  where  Vache  Grasse  Creek  cuts  across  Devils 
Backbone  Ridge ;  but  the  workings  have  all  been  abandoned  and  it 
was  impossible  to  learn  the  thickness  of  the  coal  or  the  detail  of  its 
section. 

Along  the  outcrop  line  running  southwestward  from  Greenwood  to 
Montreal  and  Midland  the  coal  bed,  so  far  as  known,  is  without  part- 
ings, and  in  quality  resembles  that  at  Hackett.     In  general,  the 
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exposures  show  from  2  to  4  feet  of  coal.  The  dips  range  from  1°  to 
15°,  but  it  seems  to  be  invariably  true  that  where  the  dip  is  high  at 
the  outcrop  it  rapidly  decreases  and  the  coal  bed  flattens  in  depth. 
The  bed  changes  in  character  east  of  Burma,  becoming  very  much 
thicker  and  divided  by  several  partings. 

An  upper  bed  corresponding  to  the  upper  Hartshome  coal  of  Indian 
Territory  is  indicated  by  drill  records  in  the  vicinity  of  Midland  and 
Burma.  This  bed,  which  is  60  feet  above  the  lower  one,  has  a  maxi- 
mum thickness  of  approximately  5  feet,  but  is  generally  shaly  or  bony, 
and  is  described  as  a  *' dirty  vein.'' 

The  coal  bed  in  the  Huntington  basin  is  thicker  than  at  Midland  and 
Burma,  but  it  is  divided  by  shale  partings,  and  chemical  analyses 
show  that  it  contains  a  rather  high  percentage  of  ash  in  the  merchant- 
able coal.  This  character  of  the  bed  prevails  along  the  outcrop  to  the 
southwest  nearly  to  Hartford,  where  the  bed  is  not  divided.  East  of 
Hartford,  on  the  outcrop  which  lies  south  of  the  Hartford  anticline, 
the  bed  is  so  divided  by  partings  as  to  be  of  little  value. 

There  are  two  large  mines  operated  from  shafts  as  well  as  several 
strip  pits  in  the  synclinal  basin  near  Huntington.  The  coal  bed, 
which  is  between  7  and  8  feet  thick,  is  in  three  benches,  separated  by 
thin  shale  partings. 

In  sec.  32,  T.  5  N.,  R.  31  W.,  the  bed  is  8  feet  thick,  with  a  parting 
of  several  inches  of  shale  near  the  center,  and  is  known  as  the  *' Mam- 
moth vein."  It  is  without  partings,  and  measures  3i  feet  at  the 
town  of  Hartford,  in  sec.  10,  T.  4  N.,  R.  32  W.,  where  it  is  worked  from 
a  number  of  small  slopes  and  two  larger  ones.  Southeast  of  Hartford, 
in  sees.  13  and  14,  T.  4  N.,  R.  32  W.,  the  bed  again  resembles  that  at 
Huntington  and  Greenwood  in  that  it  consists  of  several  benches  of 
coal  with  partings  between.  There  are  no  active  mines  east  of  this 
point,  but  the  coal  has  been  prospected  and  it  is  common  report  that 
the  l>ed  is  separated  into  many  benches.  At  the  Chasteen  slope,  in 
sec.  18,  T.  4  N.,  R.  31  W.,  the  bed  is  upward  of  8  feet  in  total  thickness, 
but  it  is  very  much  divided  and  contains  no  bench  of  coal  thicker  than 
2i  feet.  No  measurements  were  made  east  of  this  point,  though  the 
outcrop  of  the  coal  has  been  traced  for  several  miles. 

BATES   AND   COALDALE   DISTRICT. 

The  coal  bed  which  dips  to  the  south  from  Hartford  and  passes 
under  Poteau  and  Whiteoak  mountains  comes  to  the  surface  again 
in  a  line  of  outcrop  parallel  with  the  south  flank  of  Poteau  Mountain, 
where  it  has  been  traced  from  the  Indian  Territory  line  eastward  for 
a  distance  of  about  20  miles. 

At  the  State  line  the  bed  consists  of  more  than  7  feet  of  coal  divided 
by  two  partings  of  shale.  Three  miles  east  of  the  State  line,  in  sec.  2 1 , 
T.  3  N.y  R.  32  W.;  the  coal  bed  is  divided  into  three  benches  and 
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contains  an  aggregate  of  8  feet  of  coal,  the  largest  bench  being  4  feet 
thick,  and  the  two  smaller  upper  ones  not  being  mined.  Nine  miles 
farther  east  the  coal  bed  still  has  a  thickness  of  4  or  5  feet,  but  is 
divided  into  many  small  benches,  the  largest  of  which  is  only  12  inches 
thick,  and  it  is  not  probable  that  the  coal  can  be  successfully  mined, 
though  it  is  possible  that  part  of  the  bed  was  not  exposed.  Croppings 
of  this  bed  have  been  observed  for  2  miles  still  farther  east,  but  as  it 
has  nowhere  been  opened  no  section  could  be  measured,  nor  have  any 
reports  indicating  a  workable  coal  bed  been  received. 

The  portion  of  the  coal  field  which  extends  eastward  from  Lookout 
Gap  and  underlies  Whiteoak  Mountain  was  not  examined,  owing  to 
the  short  time  available  for  field  work.  Although  the  Hartshome 
horizon  is  known  to  extend  over  a  considerable  area  here,  prospectors' 
reports  indicate  that  the  coal  bed  is  divided  and  may  be  of  little  value. 
Both  north  and  south  of  Poteau  Mountain  the  rocks  dip  at  high  angles, 
indicating  that  the  coal  is  very  deep  in  the  center  of  the  syncline.  It 
is  probable,  however,  that  all  of  the  coal  can  be  mined  from  slopes 
entering  the  basin  from  the  north  and  south  sides. 

CHARLESTON    AND   PARIS   DISTRICT. 

The  coal  of  the  Hartshome  horizon  has  not  been  opened  nor  the 
thickness  of  the  bed  measured  east  of  Auburn  for  a  distance  of  about 
35  miles  to  what  will  be  described  as  the  Prairie  View  district.  This 
unexplored  region  includes  the  towns  of  Charleston  and  Paris,  near 
which  coals  of  higher  horizons  are  mined.  The  Hartshome  coal 
should  outcrop  through  the  whole  length  of  this  region  along  the 
northern  base  of  Devils  Backbone  Ridge  and  its  eastern  extension, 
Pine  Ridge.  It  should  also  outcrop  near  the  southern  base  of  Mill 
Creek  Ridge  on  Grand  Prairie,  which  extends  from  Arkansas  River 
at  the  mouth  of  Big  Creek  eastward  to  Roseville. 

Along  the  southern  outcrop  line,  on  Devils  Backbone  and  Pine 
ridges,  the  bed  is  here  and  there  indicated  by  coal  smut,  but  it  is 
nowhere  exposed  and  its  thickness  can  not  be  measured.  There  are 
some  indications  of  a  fault  along  the  northern  outcrop,  on  Grand 
Prairie,  and  it  is  possible  that  the  coal  horizon  does  not  reach  the 
surface,  thougli  it  can  not  be  at  a  verj^  great  depth.  Coal,  which  is 
probably  in  the  Hartshome  horizon,  is  reported  in  several  welk  near 
Vesta,  but  no  definite  information  regarding  it  was  obtained,  as  no 
accurate  measurements  liad  been  made. 

The  Prairie  View  coal  bed.  described  in  some  detail  on  page  151, 
undoubtedly  extends  westward  in  depth  under  the  Paris  basin,  and 
though  the  prospecting  whicli  lias  been  done  indicates  that  it  thins 
out  in  that  direction,  its  western  limit  has  not  been  determined. 
The  coal  bed  also  dips  southward  from  Denning  and  must  pass  imder 
part  of  this  area. 


THE   ARKANSAS   COAL   FIELD.  149 

From  the  above  facts  it  will  be  seen  that  there  is  here  a  large 
area  underlain  by  rocks  of  the  Hartshome  coal  horizon,  in  which 
the  thickness  and  value  of  the  coal  have  never  been  determined. 
The  outcrops  along  the  north  and  south  sides  of  this  area  reveal 
no  coal  of  commercial  importance,  but,  considering  the  great  local 
variations  that  are  known  to  occur  in  the  Hartshome  coal,  further 
prospecting  by  deep  drilling  is  fully  warranted. 

VAN    BUREN   AND    ALMA   DISTRICT. 

The  region  in  the  vicinity  of  Van  Buren  and  Alma,  north  of  the 
river,  has  not  been  thoroughly  prospected,  though  it  also  is  under- 
lain by  rocks  of  the  Hartshome  coal  horizon. 

A  small  coal  bed  very  close  to  if  not  identical  with  the  Harts- 
home outcrops  at  several  places  near  Mulberry.  West  of  Mulberry 
this  horizon  is  at  a  greater  depth,  and  does  not  outcrop,  since  at 
the  northern  edge  of  the  field  it  is  cut  oflF  by  a  fault  north  of  which 
sandstones  below  the  coal-bearing  rocks  are  exposed.  The  depth 
of  the  Hartshome  horizon  could  not  be  estimated  closely  on  account 
of  the  very  obscure  stratigraphic  evidence,  much  of  the  surface 
being  covered  with  deposits  of  gravel  and  sand. 

Small  coal  beds  found  near  Alma  and  Van  Buren  are  provisionally 
correlated  with  the  Charleston  coal,  which  is  about  800  feet  above 
the  Hartshome  horizon.  What  is  probably  the  Hartshome  bed 
has  been  reached  in  a  drill  hole  near  Alma  at  a  depth  of  700  feet. 
It  is  reported  to  be  9  inches  thick  and  overUes  a  sandstone  150  feet 
thick,  provisionally  correlated  with  the  Hartshome  sandstone. 

COAL   HILL   AND   DENNING   DISTRICT. 

The  Coal  Hill  and  Denning  district  lies  north  of  Arkansas  River 
about  40  miles  from  the  Indian  Territory  line.  Along  its  north  side, 
the  coal  is  cut  oflF  by  a  fault,  extending  from  Denning  to  a  point  a  few 
miles  east  of  Coal  Hill,  north  of  which  the  underlying  rocks  are 
raised  to  the  surface.  Half  a  mile  south  of  th^  line  of  this  fault 
an  anticline  extends  east  and  west  through  the  district.  In  the  cen- 
ter of  this  fold  the  imderlying  barren  rocks  are  exposed,  but  near 
Denning  it  pitches  below  the  surface  and  the  coal  bed  is  continu- 
ous across  it.  There  is  also  a  smaller  basin  of  coal  land,  having  a 
possible  area  of  1  square  mile,  resting  upon  the  Hartshome  sand- 
stone a  few  miles  west  of  Altus. 

Coal  has  been  mined  almost  continuously  from  Coal  Hill  to  Den- 
ning and  for  several  miles  southeastward  from  Denning  along  the 
southern  limb  of  the  anticline.  The  coal  ranges  in  thickness  from 
1  to  5  feet,  and  the  bed  is  usually  characterized  by  a  parting  of 
shale  or  clay  near  the  center,  which  varies  greatly  within  very  short 
distances,  being  so  thick  in  some  parts  of  the  field  as  to  render  the 
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bed  of  no  value.  In  general  this  parting  increases  in  thickness  in 
a  northerly  direction.  South  of  Hartman  the  coal  bed  probably 
extends  eastward  and  is  identical  with  that  mined  at  Spadra,  but 
for  several  miles  there  has  been  no  prospecting  sufficient  to  deter- 
mine its  quaUty  and  it  does  not  outcrop  at  the  surface. 

In  the  small  outlying  basin  west  of  Altus  there  are  two  coal  beds, 
the  lower  one  averaging  2  feet  and  the  upper  one  10  inches  in  thick- 
ness, with  18  feet  of  sandy  shale  between  them;  these  are  regarded 
as  equivalent  to  the  two  benches  of  th^  Denning  coal  bed.  The 
coal  resembles  tthe  Denning  coal,  though,  being  under  only  slight 
cover,  it  is  aflFected  by  weathering  and  the  joints  are  iron  stained. 

A  similar  bed  with  a  thick  parting  of  more  than  12  feet  is  indi- 
cated by  outcrops  of  coal  smut  on  the  south  side  of  the  river  2  miles 
west  of  this  basin,  in  section  23  of  the  same  township.  No  coal 
has  been  mined  here.  The  outcrop  indicates  a  small  shallow  basin 
of  coal  of  the  Hartshome  horizon  resting  upon  the  Hartshome 
sandstone. 

•  SPADRA   DISTRICT. 

The  Spadra  district  is  also  north  of  Arkansas  River  and  its  center 
is  about  10  miles  east  of  Coal  Hill.  The  coal  differs  slightly  from 
that  at  Denning  in  that  it  is  considerably  harder  and  of  higher 
grade  chemically.  It  is  sold  as  semianthracite  or  Arkansas  anthra- 
cite coal,  being  mined  almost  exclusively  for  domestic  use. 

The  structure  of  this  field  is  compUcated  and  its  interpretation 
is  rendered  very  difficult  by  extensive  deposits  of  sand  and  gravel 
which  conceal  a  large  part  of  the  surface.  Available  information, 
however,  is  sufficient  to  show  that  the  continuity  of  the  coal  bed 
is  broken  by  several  faults  of  normal  type  striking  approximately 
east  and  west  and  generally  with  downthrows  to  the  south.  The 
best  known  of  these  faults  was  first  encountered  in  a  mine  2  miles 
northwest  of  the  Spadra  post-office.  It  extends  west-northwest- 
ward nearly  to  the  town  of  Hartman,  where  it  turns  a  little  south 
of  west  and  continues  to  the  center  of  the  Coal  Hill  field. 

Another  fault  striking  nearly  east  and  west  marks  approximately 
the  southern  limit  of  present  mining  operations.  It  is  parallel  with 
and  a  short  distance  north  of  Spadra  Hill,  a  long  ridge  capped  by  flat- 
lying  sandstones  south  of  Spadra,  and  its  east  end  is  a  few  himdred 
yards  north  of  the  railroad  at  the  south  base  of  Big  Danger  Hill,  in 
sec.  23,  T.  9  N.,  R.  23  W.,  where  its  position  is  indicated  by  conclu- 
sive stratigraphic  evidence.  The  displacement  at  the  mouth  of 
Spadra  Creek  is  at  least  200  feet.  A  small  fault  which  differs  from 
those  described  in  that  the  downthrow  is  to  the  north  lies  north  of  the 
western  part  of  the  Spadra  field,  bringing  in  a  small  area  of  Spadra 
coal  at  the  old  Allen  slope,  in  sec.  18,  T.  9  N.,  R.  24  W. 
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Prom  Spadra  the  coal  bed  extends  northward  for  3  or  4  miles.  It 
underlies  the  town  of  Clarksville  at  a  depth  of  400  to  500  feet,  but 
outcrops  li  miles  northwest  of  Clarksville  at  a  point  noted  by  the 
Arkansas  Geological  Survey  as  the  Harkreader  well,**  from  which  the 
outcrop  cfiin  not  be  traced  eastward  with  certainty.  The  Spadra  bed 
has  been  penetrated  by  drill  holes  west  of  Cabin  Creek  at  a  depth  of 
550  feet,  and  the  same  bed  probably  outcrops  in  sees.  6  and  7,  T.  9  N., 
R.  23  W.,  2  miles  north  of  Cabin  Creek. 

At  the  western  limit  of  prospecting  in  this  district  the  coal  bed  is 
400  feet  below  the  surface,  and  its  depth  probably  increases  farther 
i^esii. 

Coal  mines  are  located  along  the  railroad  for  a  distance  of  6  or  7 
miles  east  from  Montana  post-office,  at  very  short  intervals.  Nearly 
all  the  openings  are  by  shafts  reaching  the  coal  at  a  depth  of  200  feet 
or  less.  The  average  thickness  of  the  coal  is  from  2i  to  3i  feet,  with 
a  small  parting  near  the  center  of  the  bed.  In  general,  the  coal  dips 
to  the  north  or  northwest  at  a  low  angle,  usually  not  more  than  2  or 
3  per  cent. 

The  imdergroimd  workings  of  the  mines  extend  for  a  maximum 
distance  of  1  mile  north  from  the  line  of  the  St.  Louis,  Iron  Moimtain 
and  Southern  Railway.  Records  of  much  of  the  drilling  that  has 
been  done  north  of  these  mines  were  not  available,  but  it  is  common 
report  that  the  parting  increases  in  thickness  toward  the  north  and 
makes  some  of  the  coal  unfit  for  mining.  A  shaft  about  1^  miles 
northwest  of  Clarksville,  near  the  old  Harkreader  well,  was  sunk  in 
1906,  but  had  not  reached  the  coal  at  the  time  of  the  writer's  exam- 
ination. The  coal  bed  outcrops  a  short  distance  to  the  southeast, 
however,  showing  a  thickness  of  18  to  24  inches  without  parting. 

PRAIRIE    VIEW    DISTRICT. 

The  Prairie  View  district  lies  on  the  south  side  of  Arkansas  River, 
opposite  the  Spadra  district.  Attempts  to  prospect  the  field  and 
determine  the  extent  of  the  coal  land  have  been  made  only  within 
the  last  few  years,  during  which  large  areas  of  land  in  this  district 
have  been  purchased  or  placed  under  option  by  the  Arkansas  Anthra- 
cite Company. 

In  structure  this  field  is  a  broad  syncline  having  a  general  east-west 
axis.  Its  southern  edge  is  marked  by  the  Prairie  View  fault  and  its 
northern  edge,  which  is  contiguous  to  the  southern  edge  of  the  Spadra 
field,  by  the  Big  Danger  fault,  both  of  which  are  described  elsewhere 
in  this  paper.  The  greatest  depth  to  coal  found  in  the  basin  is  1,100 
feet. 

Prospect  holes  in  the  northern  part  of  the  field  indicate  that  the 
coal  is  from  3  to  5^  feet  thick  and  divided  by  a  shale  parting  near  the 
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center.     In  the  southern  part  the  bed  is  not  divided  and  is  from  1  to 
3i  feet  thick. 

This  district  is  undeveloped  and  no  coal  has  been  mined  except  for 
local  use.  It  is  not  accessible  at  present  from  any  of  the  existing 
railroads,  but  could  be  reached  by  an  extension  of  the  Arkansas  Cen- 
tral Railroad,  which  now  terminates  at  Paris.  The  distance  is  not 
more  than  15  miles. 

RU88ELX,VILLE    DISTRICT. 

The  Russellville  district  lies  at  the  extreme  east  end  of  the  Arkansas 
coal  field  as  at  present  recognized,  and  includes  two  small  areas  of 
coal  land,  known  as  the  Ouita  basin,  a  few  miles  north  of  Russellville, 
and  the  Shinn  basin,  a  few  miles  to  the  south. 

The  coal  lands  in  the  Ouita  basin  are  estimated  to  have  covered  an 
area  of  approximately  2  square  miles. .  Although  the  formation  that 
carries  the  coal  extends  westward,  coal  has  not  been  mined  except  in 
the  small  area  noted,  and  prospecting  a  few  miles  farther  west,  near 
London,  has  revealed  no  coal.  The  northern,  eastern,  and  southern 
boundaries  of  the  Ouita  basin  are  determined  by  the  outcrops  of  the 
Hartshorne  sandstone,  which  dips  under  the  coal  land  from  all  these 
directions.  The  depth  to  coal  is  not  great  at  any  point,  and  it  has 
been  mined  from  many  small  slopes,  strip  pits,  and  shafts  which  have 
been  abandoned  and  have  caved  in.  Probably  much  of  the  coal  has 
been  left  in  the  ground  and  will  be  lost.  Moreover,  Illinois  Creek,  a 
strong  stream  which  heads  in  the  Ozark  Mountains,  flows  across  the 
basin  and  has  no  doubt  eroded  a  great  deal  of  the  coal  bed,  so  that 
much  of  the  area  included  in  the  basin  as  mapped  does  not  contain 
available  coal.  Owing  to  the  strike,  it  was  impossible  to  make 
measurements  of  the  thickness  of  this  coal  bed,  but  reports  indicate 
that  it  is  without  parting  and  has  an  average  thickness  of  28  inches. 
The  roof  and  floor  are  shale.  As  reported  by  the  Arkansas  Geolog- 
ical Survey,  the  coal  has  a  thickness  of  26  inches,  overlain  by  4  inches 
of  bony  or  "  wild''  coal." 

The  Shinn  basin  lies  about  2  miles  south  of  Russellville  and  in- 
cludes approximately  2  square  miles  of  coal  land.  Like  the  Ouita 
basin,  this  is  bounded  on  all  sides  by  outcrops  of  the  Hartshorne 
sandstone.  Shafts  which  have  been  sunk  for  mining  purposes  show 
that  the  maximum  depth  to  coal  probably  exceeds  600  feet.  Coal 
has  been  mined  for  many  years  along  the  north  edge  of  the  basin, 
where  there  are  a  number  of  old  abandoned  slopes,  but  owing  to 
the  great  depth  of  the  basin  only  a  comparatively  small  part  of  the 
area  has  been  worked  out.  The  coal  is  somewhat  thicker  than  in  the 
Ouita  basin ;  it  averages  between  40  and  46  inches,  and  has  an  8  to 
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10  inch  parting.  There  are  three  active  mines  in  the  basin,  one  of 
which  has  a  shaft  480  feet  deep,  making  it  the  deepest  coal  mine  in 
Arkansas. 

PHILPOTT   DISTRICT. 

The  Philpott  district  Ues  in  an  isolated  synclinal  trough  extending 
east  and  west  through  T.  10  N.,  Rs.  24,  25,  and  26  W.,  north  of  the 
Coal  Hill  and  Spadra  fields.  It  includes  a  number  of  prospects  and 
small  mines  which  were  operated  before  the  larger  mines  along  the 
railroad  were  opened.  The  coal  is  softer  than  that  at  Spadra  and 
for  local  use  formerly  commanded  a  better  price,  since  it  ignites  and 
bums  more  freely.  Analyses  show  that  it  is  semibituminous  and  of 
about  the  same  grade  as  that  at  Coal  Hill  and  Denning. 

There  are  two  beds  of  coal  separated  by  600  to  800  feet  of  shale. 
The  lower  of  these,  known  as  the  Pickartz  bed,  from  the  old  Pick- 
artz  mine,  is  correlated  on  stratigraphic  evidence  with  the  Harts- 
home  coal.  This  mine  is  situated  in  sec.  29,  T.  10  N.,  R.  25  W., 
and  the  horizon  of  the  coal  has  been  traced  to  the  eastward  for  a  dis- 
tance of  nearly  18  miles,  connecting  it  with  the  coal  which  outcrops 
on  Dicks  Branch  in  sec.  10,  T.  10  N.,  R.  23  W.,  and  Minnow  Creek 
in  sec.  20,  T.  10  N.,  R.  22  W. 

At  the  Pickartz  mine  the  coal  is  reported  to  be  from  21  to  26 
inches  thick,  with  a  thin  shale  parting  near  the  floor.  The  coal 
exposed  at  Dicks  Branch  measures  15  inches  and  at  Minnow  Creek 
14  inches.  The  upper  bed  on  which  the  old  Moomaw  and  Philpott 
mines  were  located  is  described  in  the  next  section  in  connection 
with  the  coals  of  the  Charleston  horizon. 

COALS  OF  THE  CHARLESTON  HORIZON. 

The  coals  of  the  Charleston  horizon  are  stratigraphically  from  800 
to  900  feet  above  the  Hartshome  coal  horizon  and  occur  near  the 
upper  part  of  the  group  of  sandstones  and  sandy  shales  that  constitute 
the  Fort  Smith  formation.  Wherever  examined  these  coals  are  less 
than  3  feet  thick  and  are  usually  too  thin  for  mining,  except  by  strip- 
ping. Owing  to  the  erosion  of  intervening  areas  it  has  been  impos- 
sible to  correlate  these  upper  beds  in  different  districts  by  continu- 
ous exposures,  and  though  no  individual  bed  is  believed  to  have 
ever  been  continuous  over  the  whole  Arkansas  coal  field,  it  is  thought 
that  they  are  all  within  100  feet  of  the  same  horizon.  Such  upper 
coals  have  been  mined  locally  near  Fort  Smith,  Central,  Charleston, 
Caulksville,  and  Alma,  and  in  the  Philpott  basin.  Their  outcrops 
have  been  seen  in  many  other  places.  In  general  the  coal  is  of  good 
quality  and  as  compared  with  the  Hartshome  coal  relatively  free 
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from  ash,  though  on  weathering  much  of  it  is  coated  with  white 
efflorescence. 

Coals  of  this  horizon  are  best  exposed  in  the  vicinity  of  Charles- 
ton, Franklin  County,  where  they  have  been  worked  by  stripping 
at  many  places  indicated  on  the  map  (PI.  IX,  p.  138).  In  general, 
the  beds  have  roofs  and  floors  of  sandstone  or  sandy  shale.  One 
of  the  best  exposures  is  at  the  west  end  of  Coal  Ridge,  in  sec.  15, 
T.  7  N.,  R.  30  W.,  2  miles  north  of  Auburn,  where  the  coal  occurs 
in  a  group  of  thin  sandstones  with  intervening  sandy  shales.  It  has 
been  mined  from  a  succession  of  small  slopes  on  a  bed  about  100 
feet  below  the  sandstone  forming  Coal  Ridge.  The  bed  is  18  inches 
thick  and  is  without  partings.  About  60  feet  above  the  bed  mined 
there  is  a  smaller  bed  which  is  of  no  importance  here,  but  is  proba- 
bly of  greater  thickness  elsewhere.  Some  of  the  many  outcrops  near 
Charleston  represent  this  small  upper  bed,  while  others  represent 
the  lower. 

East  and  north  of  Charleston  there  are  on  one  or  the  other  of  these 
beds  many  openings  which  do  not  require  description  in  detail,  their 
positions  being  shown  on  the  map.  Two  miles  east  of  Charleston, 
on  the  Carter  place,  the  bed  is  reported  to  be  3  feet  thick  in  a  slope 
from  which  more  or  less  coal  is  taken  every  year.  The  same  coal 
is  probably  represented  in  an  old  pit  in  sec.  3,  T.  7  N.,  R.  27  W.,  1 
mile  east  of  Caulksville,  where  it  is  reported  to  be  only  13  or  14 
inches  thick. 

Coal  of  the  same  horizon  outcrops  at  a  number  of  places  between 
Charleston  and  Fort  Smith,  the  best-known  locality  being  in  sec.  1, 
T.  7  N.,  R.  31  W.,  near  Central,  where  there  are  several  strip  pits, 
small  shafts,  and  slopes.  The  bed  here  has  a  thickness  of  about  20 
inches  without  parting.  The  same  coal  has  been  penetrated  by  wells 
at  a  number  of  points  in  the  region  southwest  of  Central  and  has 
been  mined  from  strip  pits  near  Little  Vache  Grasse  Creek  and  prob- 
ably at  other  places. 

The  coal  at  the  old  Herman  pit  in  sec.  2,  T.  8  N.,  R.  22  W.,  near 
Fort  Smith,  is  probably  also  at  this  horizon.  It  is  said  to  have  been 
worked  before  and  during  the  civil  war  and  is  noted  in  the  Arkansas 
Survey  reports.  Ten  inches  of  good  coal  overlain  by  1  foot  of  bony 
coal  is  exposed  in  the  old  workings.  The  bed  is  contained  in  sandy 
shale  resembling  that  near  Charleston. 

Coal  probably  of  the  same  horizon  outcrops  at  several  points  on 
the  north  side  of  the  river  near  Alma,  the  thickness  of  the  bed  nowhere 
exceeding  14  inches  and  usually  averaging  9  or  10  inches.  The  same 
bed  is  thought  to  outcrop  on  Arkansas  River  at  Moores  Rock  in  T.  8 
N.,  R.  30  W.,  and  it  has  probably  also  been  found  in  wells  at  Van 
Buren.     None  of  these  openings  expose  a  coal  of  workable  thickness. 
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A  coal  bed  at  this  horizon  probably  occurs  in  Sugarloaf  and  Poteau 
mountains,  where  the  exposures  seen  do  ngt  indicate  that  it  has  suffi- 
cient thickness  to  make  it  of  commercial  value. 

At  Paris  this  horizon  is  from  200  to  400  feet  below  the  surface,  and 
its  outcrops  north  and  south  of  the  Paris  basin  have  not  been  seen. 
In  the  Prairie  View  region,  however,  a  coal  bed  9  or  10  inches  thick 
at  about  the  proper  distance  above  the  horizon  of  the  Hartshome 
coal  has  been  examined  at  a  number  of  localities,  which  are  noted  on 
the  map  (PI.  IX).  In  no  place  has  it  been  found  to  be  of  sufficient 
thickness  to  give  it  economic  value  under  present  conditions. 

The  bed  mined  at  the  old  Philpott  and  Moomaw  openings  in  T.  10  N., 
R.  26  W.,  also  seems  to  correspond  approximately  in  stratigraphic 
position  with  the  Charieston  bed.  It  Ues  in  a  synclinal  basin  4  miles 
long  by  2  miles  wide,  in  which  the  rocks  dip  at  low  angles  and  the 
coal  is  nowhere  very  deep.  At  the  Philpott  slope,  in  sec.  20,  T.  10  N., 
R.  25  W.,  the  bed  is  from  18  to  22  inches  thick  without  partings,  and 
a  similar  thickness  is  reported  from  other  openings.  The  coal  is 
semibituminous  and  analyses  of  samples  taken  by  the  Arkansas 
Geological  Survey  indicate  that  it  is  comparatively  low  in  ash  and 
is  chemically  of  a  somewhat  higher  grade  than  the  coal  from  the 
Pickartz  bed.**  Most  of  the  product  of  one  or  two  small  mines  is 
hauled  by  wagon  to  Ozark,  where  it  is  sold  for  domestic  use. 

COALS  OP  THE  PARIS  HORIZON. 

The  coal  mined  at  Paris  is  from  1,200  to  1,400  feet  above  the  Harts- 
home  horizon  and  about  400  feet  below  the  top  of  the  Paris  shale. 
The  coal  bed  is  overlain  by  shaly  sandstone  and  underlain  by  sandy 
shale.  A  few  inches  of  draw  slate  usually  comes  down  with  the  coal 
and  there  is  in  many  places  some  fire  clay  between  it  and  the  sandy- 
shale  Boor.  The  bed  is  without  parting  and  ranges  in  thickness 
from  2  to  nearly  3  feet  where  it  is  worked.  The  whole  area  underlain 
by  this  coal  does  not  exceed  8  square  miles,  and  in  its  western  part 
the  bed  is  probably  too  thin  for  mining.  The  coal  has  a  bright  luster 
and  a  rather  indefinite  cubical  fracture.  Chemically  it  is  semibitu- 
minous and  somewhat  higher  in  hydrocarbon  than  the  average 
Hartshome  coals  in  the  same  region.  It  is  sold  principally  for 
domestic  use.  All  the  coal  mined  is  hand  picked  or  forked,  the 
slack  being  left  in  the  gob. 

Outside  of  the  Paris  district  this  coal  horizon  has  not  been  discovered 
except  in  the  vicinity  of  Potato  Hill,  where  a  thin  bed  provisionally 
correlated  with  it  has  been  mined  by  stripping  at  several  localities. 
West  of  Potato  Hill,  in  sec.  23,  T.  6,  R.  27,  the  coal,  as  reported,  is 
14  inches  thick  and  has  been  worked  for  local  supply  within  the 
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last  year.  A  similar  coal  outcrops  in  several  localities  near  Pine  Hill, 
but  it  is  not  mined  to  any  extent  and  its  thickness  is  not  great  enough 
to  warrant  development. 

The  same  coal  should  outcrop  in  Sugarloaf ,  Poteau,  and  Magazine 
mountains,  and  it  has  probably  been  seen  by  prospectors  and  others 
in  each  of  the  first  two  localities,  though  it  has  not  been  reported  from 
the  last.  On  stratigraphic  and  paleobotanic  evidence  it  is  provision- 
ally correlated  with  the  McAlester  coal  of  Indian  Territory. 

COALS  BELOW  THE  HARTSHORNE  HORIZON. 

Coal  beds  have  been  reported  from  many  localities  in  the  shales 
and  sandstones  imderlying  the  Hartshome,  to  which  the  name  Atoka 
formation  has  been  applied.  These  lower  coal  beds  are  not  continu- 
ous for  any  great  distances  and  are  thin  except  in  small  areas. 

In  the  western  part  of  the  field  such  coal  has  been  reported  to 
the  writer  at  only  one  locality,  which  i^-in  the  center  of  the  Backbone 
anticline  about  2  miles  northeast  of  Hackett.  The  bed  is  between 
500  and  1,000  feet  below  the  Hartshome  sandstone  and  is  not  more 
than  a  few  inches  in  thickness.  Coal  is  also  reported  by  the  Arkan- 
sas Geological  Survey  **  in  the  neighborhood  of  Booneville  on  Fletcher 
Creek,  the  locality  being  known  as  the  Carlan  drift.  Although  not 
personally  examined,  this  coal  is  also  believed  by  the  writer  to  be 
several  hundred  feet  below  the  Hartshome  sandstone. 

A  small  bed  of  coal  which  has  been  mined  from  strip  pits  for 
local  use  outcrops  on  a  bench  on  the  north  side  of  Rich  Mountain 
4  miles  southwest  of  Ellsworth,  in  T.  7  N.,  R.  24  W.  It  is  estimated 
to  be  from  300  to  400  feet  below  the  Hartshome  sandstone.  What 
is  believed  to  be  the  same  bed  of  coal  has  been  penetrated  by  two 
drill  holes  near  Shoal  Creek  in  T.  7  N.,  R.  23  W.,  where  it  is  400 
feet  below  the  Hartshome  coal  horizon  and  has  a  thickness  of  nearly 
4  feet,  but  is  divided  by  shale  partings. 

Similar  coal  beds  outcrop  at  several  localities  south  of  the  Shinn 
basin,  in  the  Russellville  district.  The  rocks  here  strike  approxi- 
mately east  and  west  and  dip  to  the  north  under  the  Shinn  basin 
at  high  angles.  It  is  probable  that  two  beds  are  represented,  one 
about  400,  the  other  from  800  to  1,000  feet  below  the  Hartshome. 
Prospecting  with  diamond  drills  was  in  progress  here  during  the 
summer  of  1906,  though  at  the  time  the  region  was  visited  no  coal 
thick  enough  to  work  under  present  conditions  had  been  discovered. 

In  the  region  south  and  southeast  of  Dardanelle  the  same  beds 
have  been  worked  occasionally  since  the  days  before  the  war.  Some 
old  excavations  in  sec.  35,  T.  6  N.,  R.  21  W.,  north  of  Centerville, 
expose  from  18  to  20  inches  of  coal  at  the  outcrop.  Several  drill 
holes  which  have  been  sunk  on  this  bed  indicate  that  it  is  at  least 
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2i  feet  thick  in  some  places.  The  structure  is  such  that  this  bed 
should  dip  northward  into  an  extensive  synclinal  basin,  and  should 
crop  out  again  a  few  miles  south  of  Dardanelle.  Its  northern  out- 
crop, howeverj  has  not  been  recognized.  Near  the  center  of  this 
syncline  a  higher  bed  of  coal  has  been  opened  in  one  or  two  wells 
and  is  reported  to  have  a  thickness  of  14  to  15  inches.  These  beds 
are  estimated  to  be  about  400  feet  and  from  800  to  1,000  feet,  respec- 
tively, below  the  Hartshome  sandstone.  What  is  probably  equiva- 
lent to  the  lower  bed  has  been  mined  near  Chickalah,  south  of  Mount 
Nebo,  and  its  occurrence  west  of  Spring  Mountain  has  been  noted 
in  the  report  of  the  Arkansas  Geological  Survey,  but  neither  of  these 
localities  was  examined.  A  coal  that  must  also  belong  to  one  of  the 
lower  horizons  has  been  reported  near  Atkins,  in  T.  7  N.,  R.  18  W., 
and  near  Galla  Rock,  in  T.  6  N.,  R.  20  W. 

Several  thin  coal  beds  occurring  in  rocks  below  the  Hartshome 
outcrop  north  of  the  Coal  Hill  district  and  also  in  the  vicinity  of 
Ozark,  but  none  of  these  are  of  workable  size  where  exposed. 

From  present  indications  further  investigation  of  such  beds  in 
the  vicinity  of  Russellville  and  Dardanelle  is  certainly  justified  and 
will  probably  result  in  extending  the  boundaries  of  the  coal  field 
as  at  present  defined. 

CHARACTER  OF  THE   COAIi. 

The  Arkansas  coals  usually  have  a  bright  luster  when  freshly  mined, 
though  parts  of  some  of  the  beds  in  a  few  places  are  described  as 
dull.  There  is  as  a  rule  no  pronoimced  cleavage  parallel  to  the 
bedding,  but  the  vertical  cleavage  or  cleat  is  complex  and  somewhat 
indefinite.  Except  possibly  in  a  very  few  mines  the  cleat  is  not 
considered  in  mining,  entries  and  rooms  being  driven  without  regard 
to  any  inherent  structure,  though  the  many  cleavage  planes  affect 
the  value  of  the  coal,  making  it  fragile.  As  mined,  all  these  coals 
yield  from  10  to  40  per  cent  of  slack,  the  proportion  of  which  is 
probably  an  index  of  the  relative  hardness  of  the  coal  at  the  different 
mines.  Mine-run  coal  in  the  Jenny  Lind,  Greenwood,  and  Hunting- 
ton districts,  at  the  west  end  of  the  field,  contains  from  20  to  40 
per  cent  of  slack,  whereas  in  the  Russellville  district,  at  the  east 
end  of  the  field,  the  slack  does  not  average  more  than  10  per  cent. 
This  condition  is,  however,  in  part  due  to  the  method  of  mining, 
a  lower  percentage  of  slack  being  produced  by  hand  or  pick  mining 
than  by  shooting  off  the  solid. 

The  coals  from  the  Jenny  Lind  and  the  Huntington  and  Green- 
wood districts,  at  the  west  end  of  the  field,  are  classed  as  high-grade 
bituminous  and  semibituminous;  those  from  the  Coal  Hill  and  Den- 
ning and  the  Paris  districts  are  semibituminous,  and  those  from  the 
Spadra  md  the  Ruaaellville  districts,  at  the  east  end  of  the  field,  are 
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semianthracite.     One  of  the  chief  advantages  of  Arkansas  coal  is 
that  in  burning  it  produces  relatively  little  smoke. 

The  agents  of  the  fuel-testing  plant  at  the  Louisiana  Purchase 
Exposition  in  1904  collected  mine  and  car  samples  from  four  repre- 
sentative mines  in  various  parts  of  the  Arkansas  field.  In  sampling 
the  mines  a  systematic  method  was  followed  in  all  cases,  making 
the  samples  as  nearly  uniform  as  possible." 

The  same  method  was  observed  by  the  Geological  Survey  party 
during  the  last  season  in  collecting  samples  from  the  various  mines. 
Proximate  analyses  were  made  at  the  fuel-testing  plant  of  all  the 
sampler  collected,  and  ultimate  analyses  and  other  special  tests 
were  made  of  a  few  representative  samples  from  the  various  districts. 
The  results  obtained  with  the  fuel-testing  plant  samples  have  already 
been  published,  and  a  full  account  of  the  subsequent  analyses  will 
appear  in  the  bulletin  from  which  this  paper  is  abstracted. 

For  purposes  of  comparison  the  proximate  analyses  of  representa- 
tive samples  of  Arkansas  coal  have  been  recalculated  to  an  air-dried 
basis  and  are  given  in  the  following  table: 

Analyses  of  coal  samples  from  Arkansas. 
[F.  M.  Stanton,  analyst.] 
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CONDITIONS  OF  MINING  AND  DEVEIiOPMKNT. 

Production. — ^The  development  of  the  coal  industry  in  Arkansas 
on  a  commercial  scale  was  started  about  1870,  and  the  production 
increased  to  a  maximum  of  2,229,172  short  tons  in  1903.  A  slight 
decline  in  the  production  after  1903  was  caused  by  the  competition 
of  fuel  oil  from  Texas,  but  present  conditions  indicate  that  the  de- 
mand for  Arkansas  coal  is  again  increasing. 

Method  of  mining. — Coal  was  first  obtained  in  Arkansas  by  strip- 
ping, and  a  few  pits  of  this  kind  are  still  in  operation,  though  most 
of  the  coal  is  mined  from  deeper  workings  reached  either  by  slopes 
or  shafts.  The  majority  of  these  mines  are  shallow,  averaging  less 
than  200  feet  in  depth.  A  480-foot  shaft  in  the  Shinn  basin,  at  the 
east  end  of  the  field,  reaches  the  maximum  depth. 

The  room  and.  pillar  system  prevails,  with  some  local  modification 
throughout  the  field,  the  pillars  not  being  drawn.  The  actual  mining 
of  the  coal  is  generally  done  by  shooting  it  off  the  solid  face  of  the  bed. 
Undercutting  by  hand  is  the  method  employed  in  a  few  mines  where 
the  coal  is  of  unusually  good  quality.  No  mining  machines  are  used 
in  the  fiel^. 

In  the  larger  mines  haulage  from  the  rooms  is  by  mules  and  in  the 
main  gangway  either  by  mules  or  cable.  One  of  the  mines  at  Bonanza 
is  equipped  with  electric  motors. 

Ventilation  in  the  larger  mines  is  accomplished  by  fans,  and  in  the 
smaller  ones  by  fire  boxes.  There  is  comparatively  little  gas,  and 
accidents  from  this  cause  are  relatively  rare. 

Minimum  thickness  of  vxyrkable  coal, — The  minimum  thickness  of 
coal  mined  for  shipment  is  slightly  over  2  feet,  and  some  coals  as  thin 
as  18  inches  are  mined  for  local  markets. 

Preparation  of  coal  for  market. — The  coal  is  sold  either  as  mine  run, 
including  both  lump  and  slack,  or,  most  commonly,  it  is  passed  over 
screens  which  separate  it  into  lump  and  slack.  At  a  number  of  the 
smaller  mines  the  lump  coal  is  separated  by  hand  with  a  fork,  and  the 
slack  is  left  in  the  gob. 

Labor, — Practically  all  the  coal  is  mined  under  contract  at  a  definite 
rate  per  ton,  established  by  an  agreement  between  the  operators  and 
the  miners'  union.  There  are  no  nonunion  miners  in  the  field.  Dur- 
ing 1904  and  1905  the  Arkansas  coal-mining  industry  was  not  inter- 
rupted by  the  strikes  which  prevailed  in  other  States,  but  in  1906  all 
the  principal  mines  were  shut  down  from  the  first  of  April  to  the 
first  of  July. 
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By  Cassius  A.  Fisher. 


INTROD  UCTION. 

The  present  paper  is  a  brief  preliminary  statement  of  the  results 
of  a  detailed  survey  made  of  the  Great  Falls  coal  field,  Montana, 
during  the  season  of  1906  by  W.  R.  Calvert,  H.  M.  Eakin,  and  the 
writer.  The  principal  resource  of  this  region  is  coal,  and,  as  the 
investigation  was  made  primarily  to  determine  the  classification  of 
the  public  lands,  the  work  was  conducted  with  a  view  to  defining  as 
far  as  practicable  the  limits  of  the  coal  areas  with  respect  to  legal 
subdivisions  of  such  lands. 

The  Great  Falls  coal  field  was  first  examined  by  geologists  of  the 
Transcontinental  Survey  in  1879.  In  the  course  of  this  investigation 
the  coal-bearing  horizon  was  studied  and  traced  from  Judith  River 
to  Belt  Creek  by  the  late  George  H.  Eldridge.*'  Later  a  brief  examina- 
tion was  made  of  this  coal  field  by  J.  S.  Newberry*^  in  the  interests  of 
the  Great  Northern  Railway.  During  the  spring  of  1891  W.  H.  Weed, 
while  making  an  examination  of  the  coal  field  of  Montana  for  the 
Uiyted  States  Geological  Survey,  visited  this  region  and  later  de- 
scribed the  deposits  in  considerable  detail.** 

IiOCATION. 

The  Great  Falls  coal  field  is  situated  along  the  base  of  the  Rocky 
Mountain  front  range  in  north-central  Montana.  As  first  described 
by  Weed,  it  extends  as  a  zone  of  comparatively  narrow  width  along 
the  base  of  the  Rocky  Mountains  from  a  point  near  Musselshell  River 
northwestward  to  the  international  boundary  line  between  Canada  and 
the  United  States.  While  coal-bearing  rocks  of»  Lower  and  Upper 
Cretaceous  age  occur  throughout  this  area,  more  detailed  investiga- 
tion of  the  field  during  the  last  season  has  shown  that  coal  beds  of 
commercial  importance  lie  mainly  to  the  east  of  Missouri  River. 
West  and  north  of  that  stream  to  Teton  River  the  coal  beds  are,  so  far 

o  A  foil  AOConDt  of  tbia  coal  field  Is  being  prepared  and  will  appear  as  a  separate  publication  of  the 
Geological  Survej. 
b  Eldrfdge,  George  H.  Montana  coal  fields:  Tenth  Census  of  the  V.  3.,  vol.  15, 1880.  pp.  740-7.'>7. 
r  Newberry,  J.  &,  Tbe  Great  Falls  coal  field:  School  of  Minos  Quarterly,  vol.  8, 1887,  No.  4. 
4  Weed,  W.  H.,  Two  MooUna  coal  fields:  Ball.  Qeol.  Soc.  America,  vol.  3, 1892,  p.  304. 
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as  observed,  of  less  than  workable  thickness.  Although  no  detailed 
examination  was  made  of  the  area  bordering  the  Lewis  Moimtains 
north  of  Teton  River,  the  best  information  that  could  be  obtained 
indicates  that  this  area  does  not  contain  coals  of  commercial  impor- 
tance. 

Within  that  portion  of  the  Great  Falls  coal  field  which  lies  between 
Missouri  and  Judith  rivers,  where  the  present  investigation  was  made, 
there  are  three  districts  underlain  by  workable  coal.  For  conven- 
ience, these  are  here  designated  the  Sage  Creek,  Otter  Creek,  and 
Sand  Coulee  districts.  In  the  following  discussion  the  term  Great 
Falls  coal  field  is  used  in  the  more  limited  sense,  as  applying  to  the 
field  east  of  Missouri  River.     (See  PI.  X.) 

TOPOGRAPHY. 

The  Great  Falls  coal  field  lies  in  a  regicm  whose  topography  is 
transitional  between  that  of  the  plains  and  that  of  the  mountains, 
including  areas  characteristic  of  both  provinces.  Its  salient  features 
are  broad,  gentle  slopes  and  plateaus  bordering  the  adjacent  moun- 
tain ranges.  These  plateaus  are  traversed  by  numerous  mountain 
streams  which  flow  through  deep  and  relatively  narrow  valleys, 
especially  in  that  portion  of  the  district  lying  west  of  the  Otter  Creek 
divide.  East  of  this  divide  the  valleys  are  relatively  narrow  through- 
out a  zone  bordering  the  Little  Belt  Mountains,  but  farther  out  on 
the  plains,  where  they  have  developed  in  softer  Cretacous  rocks,  they 
are  usually  wide  and  open.  Along  the  southern  margin  of  the  dis- 
trict, from  Smith  River  to  the  head  of  Otter  Creek,  the  surface  of  the 
plains  rises  gradually  by  sloping  plateaus,  culminating  in  a  zone  of 
high,  hilly  country  bordering  the  Little  Belt  Mountains,  which  lie  to 
the  south.  West  of  Missouri  River  the  surface  rises  bv  successive 
plateaus  toward  the  base  of  the  Ijewis  Range. 

There  is  a  moderate  range  of  altitude  within  the  area  described. 
The  highest  points  are  along  the  base  of  the  Little  Belt  Mountains, 
where  the  more  prominent  summits  reach  altitudes  of  4,500  to  5,000 
feet.  The  lowest  point  in  the  district  is  along  Missouri  River  below 
the  Big  Falls,  at  an  elevation  of  about  3,000  feet  above  sea  level. 
The  average  altitude  of  the  region  is  between  3,500  and  4,000  feet. 
The  extreme  variation  of  altitude  for  any  given  locality  is  about 
1,300  feet  in  a  horizontal  distance  of  IJ  miles.  This  difference  of 
elevation  is  found  between  Belt  Creek  and  the  summit  of  Belt  Butte 
at  the  town  of  Belt.  The  relative  differences  in  altitude  of  valley 
bottoms  and  plateau  summits  range  from  300  to  600  feet. 

c;fx)l.ooic  occurkexck  of  coal.. 

Throughout  the  Great  Falls  coal  field  coal  occurs  in  the  lower  part 
of  the  Kootenai  (Lower  Cretaceous)  formation,  mainly  at  one  horizon, 
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which  is  60  feet  above  the  base  of  the  formation.  Coal  of  workable 
thickness  is  not  continuous,  however,  at  this  horizon,  but  varies 
locally.  The  Kootenai  formation  has  a  thickness  of  about  475  feet  and 
consists  mainly  of  sandstones  and  sandy  shales  occurring  in  alternate 
succession.  In  the  lower  part  sandstones  predominate  and  are 
massive  in  character,  but  higher  in  the  formation  the  proportion  of 
sandstone  decreases,  and  the  beds  consist  largely  of  red  shales  and 
clays  with  here  and  there  a  thin  layer  of  sandstone.  The  formation 
rests  with  apparent  conformity  upon  the  variegated  sandy  shale  and 
sandstone  of  the  Morrison  and  is  overlain  by  the  somber-colored 
shale  and  sandstone  of  the  Colorado  formation.  A  generalized 
section  of  the  sedimentary  rocks  of  the  Great  Falls  coal  field  is  given 
below: 

Generalized  section  of  sedimentary  rocks  in  Great  Falls  coalfield. 

Colorado  formation  (Upper  Cretaceous):  Feet. 

Shale,  dark  gray,  sandy,  with  thin  layers  of  sandstone 80 

Sandstone,  dark  gray 10 

Volcanic  ash 30 

Shale,  dark  colored,  sandy,  with  thin  layers  of  sandstone 80 

Shale,  sandy,  or  impure  sandstone 20 

Shale,  dark,  sandy 75 

Sandstone,  gray,  forming  belt  around  Belt  Butte 50 

Shale,  dark,  sandy 80 

Shale,  dark,  sandy  in  lower  part 125 

Shale,  dark,  sandy,  containing  massive  sandstone  members,  loc^ally  calcareous 

at  top 180 

Kootenai  formation  (Lower  Cretaceous): 

Shale,  red,  sandy,  and  clay,  with  few  thin  sandstone  layers 195 

Shale,  red,  sandy,  capped  by  sandstone 20 

Limestone 5 

Shale,  red,  sandy,  capped  by  sandstone 20 

Shale,  red,  sandy  at  top 30 

Shale,  red,  sandy,  with  here  and  tftere  a  thin  sandst^me  layer 50 

Shale,  red,  containing  lenses  of  impure  limestone  and  capped  by  gray  lime- 
stone   30 

Sandstone,  gray,  massive 40 

Coal  and  coaly  shale 10 

Sandstone  and  sandy  shale &) 

Morrison  formation  (Jurassic?): 

Sandstone,  gray 25 

Shah\  sandy,  variegated,  containing  thin  layers  of  sandstone  and  limestone. .  75 

Ellis  formation  (Jurassic): 

Sandstone,  massive,  gray,  weathering  light  brown,  conglomeratic  at  base 100 

The  foregoing  section  is  compiled  from  a  number  of  detailed 
measurements  made  in  various  parts  of  the  field,  and  as  individual 
beds  vary  materially  in  different  localities  it  can  not  be  regarded  as 
typical  of  any  one  locality.  It  is  introduced  here  mainly  to  show 
the  succession  of  the  beds  and  the  position  of  the  coal  in  the  strati- 
graphic  column. 
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The  geologic  structure  of  the  coal  field  is  comparatively  simple. 
The  rocks  dip,  at  relatively  small  angles,  to  the  northeast,  away  from 
the  adjoining  mountains.  In  a  narrow  zone  bordering  the  Little  Belt 
Range  the  rocks  dip  from  10°  to  15*^,  but  in  their  extension  toward  the 
plains  they  flatten  rapidly,  and  in  the  area  underlain  by  coal  the  dips 
rarely  exceed  4°.  An  exception  to  this  occurs  in  the  vicinity  of  Skull 
Butte,  where  a  local  doming  of  the  sediments,  probably  due  to  a  lacco- 
lithic  intrusion  of  igneous  rock,  increases  the  dip  to  25"^.  A  close 
examination  of  the  canyons  throughout  the  coal  area,  where  the  dips 
are  low  and  in  general  to  the  north,  shows  that  these  nearly  horizontal 
beds  are  in  reality  gently  folded  into  a  series  of  low  anticlines  and 
shallow  synclines,  most  of  which  are  not  perceptible  to  the  casual 
observer.  Minor  faults  are  also  more  or  less  common  throughout  the 
coal  area,  especially  in  the  vicinity  of  Belt,  where  they  have  caused 
some  difficulty  in  mining  the  coal. 

The  irregularity  in  the  occurrence  of  workable  coal  at  the  horizon 
above  referred  to  is  a  characteristic  feature  of  the  beds  of  this  field 
that  was  observed  early  in  the  investigation,  and  an  effort  was  made 
to  trace  out,  as  far  as  possible  from  a  study  of  the  outcrop,  the  limits 
of  the  areas  underlain  by  workable  coal.  These  coal  areas  or  basins, 
as  they  have  been  previously  designated,  are  three  in  number  and 
include  a  total  area  of  approximately  316  square  miles.  The  largest, 
comprising  about  230  square  miles,  lies  south  of  Great  Falls,  extend- 
ing from  a  point  a  short  distance  east  of  Belt  Creek  westward  beyond 
Smith  River.  (See  PI.  X.)  It  is  possible,  however,  that  the  coals  of 
this  basin  continue  southward  throughout  the  territory  lying  between 
the  Big  and  Little  Belt  mountains,  but  no  examination  was  made  of 
this  region.  The  district  examined  is  drained  b}^  Sand  Coulee  and 
its  tributaries  and  is  known  as  the  Sand  Coulee  basin.  To  the  east 
the  next  district  underlain  by  coal  of  commercial  importance  lies 
between  Little  Otter  and  Geyser  creeks  and  is  designated  Otter  Creek 
basin.  This  is  the  smallest  coal  basin  in  the  district,  including  only 
about  38  square  miles.  Still  farther  east,  in  the  vicinity  of  Skull 
Butte,  there  is  a  third  coal  basin  which,  owing  to  its  nearness  to  Sage 
Creek,  the  main  drainage  channel  of  the  district,  is  called  the  Sage 
Creek  basin.     It  includes  about  48  square  miles. 

DETAILED  DESCRIPTION  OF  COAL  DEPOSITS. 

SAND   COULEE    BASIN. 
GENERAL    CONDITIONS. 

The  Sand  Coulee  basin  is  underlain  bv  one  coal-bearinfj  bed  of  com- 
mercial  importance.     In  this  bed,  ccmsisting  of  coal  interbedded  with 
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layers  of  bone,  shale,  and  clay,  the  coal  content  ranges  in  thickness 
from  6  to  14  feet  in  different  parts  of  the  field.  At  Belt,  near  the 
northeast  end  of  the  basin,  where  the  bed  has  been  opened  at  many 
places,  the  average  thickness  of  twenty-six  measured  sections  is  4  feet 
7  inches  .  At  Sand  Coulee  fourteen  measured  sections  give  an  average 
thickness  of  8  feet  7  inches,  and  along  Smith  River,  where  fewer  open- 
ings have  been  made,  an  average  of  five  sections  shows  a  total  thick- 
ness of  7  feet  6  inches  of  coal.  In  the  vicinity  of  Belt  the  coal  is 
divided  into  three  distinct  benches.  The  lower  and  upper  benches 
are  about  equal  in  thickness;  the  middle  bench  is  considerably 
thinner.  A  section  of  the  coal  bed  in  the  Anaconda  Copper  Mining 
Company's  mine,  which  may  be  regarded  as  representative  of  the  Belt 
Creek  mines,  is  given  below: 

Section  of  coal  bed  in  Anacowla  Copper  Mining  Company* s  mine,  Belt. 

Ft.  in. 

Coal 1      9 

Hone 8 

Coal 5 

Bone 4 

Coal 2     8 

5    10 

At  Sand  Coulee  the  arrangement  of  the  coal  beds  is  somewhat 
(Ufferent.  Here  the  coal  mined  occurs  in  two  principal  benches,  the 
upper  much  thicker  than  the  lower,  but  between  these  two  there  is  no 
middle  bench,  such  as  occurs  in  the  Belt  Creek  mines.  Above  the 
upper  bench,  however,  there  are  two  higher  layers  of  coal  which  have 
a  maximum  measured  thickness  of  5  feet  8  inches.  These  two  higher 
coals  are  not  mined  in  the  Smith  River  region,  where  the  number  and 
arrangement  of  the  coal  benches  are  similar  to  those  of  the  Sand 
Coulee  district.  The  following  are  representative  sections  of  the  coal 
bed  in  the  Sand  Coulee  and  Smith  River  districts: 

Section  of  coal  bed  in  Cottonwood  Coal  Company's  mine,  Stockett. 

Sandstone.                                                                                   Ft.  in. 

Coal 10 

Bone 4 

Coal 1     10 

Bone 7 

Coal (i      1 

Bone 6 

Cool 2      6 

12      8 
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Section  of  coair  bed  in  Lofe^s  mine,  near  Eden. 

Ft.     In. 
Coal 3 

Bone 10 

Coal 1  6 

Bone *. 8 

Coal 3 

Bone 1  6 

Coal 1  2 

Shale.  

11      8 

From  a  comparison  of  the  average  thickness,  number,  and  order  of 
the  various  coal  benches  in  the  Belt,  Sand  Coulee,  and  Smith  River 
mining  districts,  it  is  apparent  that  the  coals  of  this  basin  are  of  len- 
ticular character  and  that  the  total  thickness  of  coal  contained  in  the 
coal-bearing  zone  is  greatest  at  the  Sand  Coulee  mines. 

DEVELOPMENT. 
OEHSBAL  STATBMXHT. 

Development  of  the  coal  resources  of  the  Great  Falls  coal  field  was 
first  begun  in  the  Sand  Coulee  basin  at  Belt,  where,  in  1876,  a  small 
mine  was  opened  and  coal  shipped  overland  to  Fort  Benton,  a  town 
situated  near  the  head  of  navigation  on  Missouri  River.  For  the 
first  few  years  the  coal  output  of  this  district  was  small,  but  with  the 
opening  of  mines  at  Sand  Coulee  and  on  Smith  River,  which  took 
place  a  few  years  later,  the  amount  was  increased.  In  1885  the  com- 
bined production  of  the  Belt  and  Sand  Coulee  mines  was  1,900  tons, 
of  which  1,200  tons  were  from  the  Belt  mines.  During  the  following 
year  the  output  of  these  two  localities  amounted  to  only  1,400  tons, 
the  greater  part  being  supplied  by  the  Sand  Coulee  mines.  The 
reports  from  Cascade  County  for  1887  give  a  relatively  small  jrield,  but 
during  the  following  year,  with  the  completion  of  the  railroad  to  Sand 
Coulee,  the  total  coal  production  of  the  region  was  materially  increased. 
From  1888  to  1892  the  annual  coal  output  of  the  Sand  Coulee  basin 
increased  steadily,  but  with  the  improvements  made  in  the  facilities 
for  handling  coal  at  the  Sand  Coulee  mines  during  1893,  the  total 
production  of  the  region  was  increased  over  100  per  cent.  Since  1880, 
when  the  first  systematic  record  of  the  coal  production  of  Montana 
was  kept.  Cascade  County  has  been  one  of  the  largest  producing  coun- 
ties in  the  State.  Its  output,  together  with  that  of  the  State,  is 
sliown  in  the  following  table: 
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Coal  production  of  MoTdana  and  Cateadt  County  from  1880  to  1906,  int/iutwe." 
[Short  tons.] 


;.  isBfl '  i,s«,i« 

ism I  1,6«.B§3 

'  1888 I.47<I,S03 

,., |.  1899 1  !.<«■  ■"■ 

«i',sia  i|«o  iMuy.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.^'.:  I'.m 

J0.X2    ■  1902 J,5« 

41, «T  !,«»   1  190a l,«l 

363.301  lDr.,«0  ':  19M l,3Si 


Although  at  present  coal  prospects  and  small  mmes  are  located  at 
many  different  places  throughout  the  Sand  Coulee  hasin,  develop- 
ment is  confined  chiefly  to  the  three  localities  where  stream  valleys 
crossing  the  district  cut  and  expose  the  coal-bearing  rocks.  These 
districts  of  principal  development  are  along  Belt  Creek,  Sand  Coulee, 
and  Smith  River. 

m,T  oRXKK  nxu. 

Along  Belt  Creek  and  its  tributaries  near  the  town  of  Belt  the  coal 
bed  ha.s  been  extensively  prospected  and  a  number  of  mines  are  now 
being  operated.  The  mine  of  the  Anaconda  Copper  Mining  Company 
is  the  largest  in  the  district.  In  addition  to  this  mine  there  are  four 
smaller  ones,  which  are  worked  continuously,  and  seven  abandoned 
mines,  some  of  which  have  produced  considerable  coal  in  the  past. 
Prospecting  has  been  extensive,  especially  along  Nell  Creek,  on  either 
side  of  Belt  Creek,  and  in  Armingtnn  Coulee.  A  number  of  diamond- 
drill  prospect  holes  have  been  bored  by  the  larger  companies  on  the 
plateau  west  of  Belt  Creek  in  order  to  determine  the  character  of  the 
coal  bed  underlying  their  respective  holdings. 

Four  coal  companies  are  now  operating  along  Sand  Coulee  and  its 
tributary  canyons  in  the  vicinity  of  Stockett.  These  are  the  Cotton- 
wood Coal  Company  at  Stockett,  the  Nelson  and  Gerber  coal  com- 
panies at  the  town  of  Sand  Coulee,  and  the  Mount  Oregon  Coal 
Company,  In  addition  there  are  a  number  of  prominent  individual 
producers.  Those  deserving  of  special  mention  are  Dahn,  Brown,  and 
Stamsby  mines.  This  locality  was  the  second  to  receive  attention  in 
the  development  of  the  coal  resources  of  the  Great  Falls  coal  field, 
but  at  present  it  is  the  largest  producing  district  of  the  entire  field  and 
one  of  the  largest  in  the  State. 

Branch  railroad  lines  connect  Stockett  and  Sand  Coulee  with  the 
Neihart  branch  of  the  Great  Northern  Kailway  at  Gerber  station,  and 
a  lai^  amount  of  coal  is  shipped  from  these  towns  to  Great  Falls  awl 
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also  to  more  distant  points  along  the  Great  Northern  main  line,  both 
to  the  east  and  west. 

SMITH  SIVEB  XIHS8. 

In  the  bluffs  bordering  Smith  River  and  its  tributaries,  Hound 
Creek  and  Ming  Coulee,  the  coal-bearing  zone  is  exposed  at  many 
places.  The  coal  has  been  mined  intermittently  throughout  this  dis- 
trict for  over  twenty-five  years,  and  within  the  last  decade  extensive 
prospecting  has  been  done  in  order  to  ascertain  the  extent  of  the  coal 
bed  in  this  portion  of  the  Sand  Coulee  basin.  Several  small  mines  are 
now  operated,  and  there  are  a  few  abandoned  mines  from  which  coal  is 
occasionally  taken.  Those  worked  are  the  Gibson,  Carville,  Patter- 
son, Bickett,  and  Lofe  mines.  These  have  a  combined  annual  output 
of  only  a  few  hundred  tons.  The  location  of  prospects  and  mines  in 
this  part  of  the  Sand  Coulee  basin  is  shown  on  PI.  X  (p.  162). 

OTTER  CREEK  BASIN. 
GENERAL   CONDITIONS. 

The  Otter  Creek  coal  basin,  which  is  located  southwest  of  Geyser, 
extending  along  Otter  Creek  for  a  distance  of  about  10  miles,  lies 
mainly  in  T.  17  N.,  Rs.  8  and  9  E.,  but  includes  a  small  portion  of  T. 
16  N.,  R.  9  E.  It  occupies  a  total  area  of  about  38  square  miles.  The 
southern  limits  of  the  basin  are  definitely  marked  by  the  southern  out- 
crop of  the  coal-bearing  rocks,  but  to  the  east,  north,  and  west  the 
extent  of  the  coal  can  only  be  inferred  from  a  study  of  a  comparatively 
small  number  of  exposures.  The  limits  of  the  basin  thus  determined 
are  indicated  in  PI.  X.  The  Otter  Creek  basin  is  underlain  by  one  bed 
of  coal  which  ranges  in  thickness,  as  indicated  by  exposures,  from  3  to 
6  feet.  The  maximum  thickness,  however,  in  the  center  of  the  basin 
probably  exceeds  6  feet.  The  coal  generally  occurs  in  two  benches, 
although  at  one  mine  three  distinct  benches  were  observed.  The 
maximum  thickness  of  workable  coal  is  4  feet,  as  shown  by  the  section 
at  Nollar^s  mine,  where  it  occurs  in  one  bed  with  no  partings.  At 
other  openings  where  two  benches  are  present  the  lower  is  usually  the 
thicker  and  contains  the  better  quality  of  coal.  The  parting  between 
the  two  benches  is  commonly  bone.  In  the  locality  where  three 
benches  occur  their  total  thickness  is  2  feet  3  inches.  It  is  difficult  to 
give  an  average  coal  section  of  the  Otter  Creek  basin,  for  only  one 
mine  has  been  opened  which  may  be  regarded  as  representative  of  the 
coal  in  the  central  part  of  the  basin.  This  mine,  owned  by  Mr.  Nollar, 
shows  a  total  thickness  of  4  feet,  as  above  stated.  It  is  probable  that 
over  a  considerable  area  the  coal  retains  this  thickness,  but  throughout 
the  marginal  portions  it  doubtless  becomes  much  thinner. 

DEVELOPMENT. 

The  coals  of  the  Otter  Creek  basin  have  not  been  mined  to  any 
extent.     Some  coal  has  been  taken  out  of  different  openings  for  a 
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number  of  years,  but  the  basin  as  a  whole  is  practically  undeveloped. 
The  Billings  and  Northern  Railroad,  now  being  constructed,  will  pass 
near  the  northern  edge  of  the  field,  thus  affording  transportation 
facilities  for  coal  mined  in  the  future.  At  the  present  time  only  three 
small  mines  are  worked  in  the  district — the  NoUar,  NuUinger,  and 
Chambers  mines.  Of  these,  only  the  Nollar  mine  is  of  sufficient  size 
to  be  regarded  as  a  factor  in  the  production  of  coal  in  this  district. 

SAGE  CREEK  BASIN. 
GENERAL   CONDITIONS. 

The  Sage  Creek  basin,  situated  in  the  eastern  part  of  the  Great 
Falls  coal  field,  a  few  miles  south  of  Stanford,  in  the  vicinity  of  Skull 
Butte,  lies  mainly  in  Tps.  15  and  16  N.,  Rs.  11  and  12  E.,  but  em- 
braces portions  of  Tps.  15  and  16  N.,  R.  13  E.  The  area  described 
encircles  Skull  Butte,  a  dome-shaped  uplift  which  exposes  rocks  older 
than  the  coal-bearing  measures.  This  basin  ranks  second  in  the 
field  in  point  of  size,  being  sUghtly  larger  than  the  Otter  Creek  basin 
and  considerably  smaller  than  the  Sand  Coulee  basin.  It  includes 
about  48  square  miles. 

So  far  as  known,  there  is  only  one  coal  bed  in  this  basin.  Its  thick- 
ness, including  partings,  ranges  from  6  to  18  feet.  Within  this 
thickness  of  beds  deposited  under  coal-forming  conditions  the  aggre- 
gate amount  of  coal  ranges  from  2  J  to  7  feet,  usually  occurring  in 
the  form  of  three  distinct  benches,  which  are  generally  recognized  by 
miners  in  the  district.  The  lowest  bench  has  a  thickness  of  about  2 
feet  and  is  regarded  as  the  best  coal  mined.  Above  this  is  commonly 
a  parting  2  to  6  inches  thick,  overlain  by  the  middle  bench  of  coal, 
which  is  from  12  to  16  inches  thick.  Overljring  the  middle  bench  is 
generally  1  to  6  inches  of  bone,  which  is  followed  in  turn  by  the 
upper  bench  of  coal,  ranging  from  1  to  3  feet  in  thickness.  The  coal 
is  usually  covered  by  1  to  2  feet  of  dark-colored  shale,  which  forms 
the  roof  of  the  mine.  Above  the  shale  there  are  in  many  places 
impure  coaly  layers  interbedded  with  brown  and  black  sandy  leaf- 
bearing  shales  having  a  thickness  of  several  feet.  The  next  member 
in  ascending  order  is  a  gray,  massive  sandstone  ranging  in  thickness 
from  20  to  60  feet.  In  the  outer  portion  of  the  basin  the  base  of  this 
sandstone  forms  in  places  the  roof  of  the  mine.  A  section  represent- 
ative of  the  coal  bed  in  this  locality  is  given  below : 

Representative  section  of  coal  bed  in  Sage  Creek  basin. 

Ft.    In. 

Coal 2 

Bone 4 

Coal 1    2 

Coal,  bony 1 

Cool 2 

6     6 


). 


H 


\i 
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DEVELOPMENT. 

The  coals  of  the  Sage  Creek  basin  have  not  been  extensively  devel- 
oped. Coal  has  been  mined  in  this  vicinity  for  many  years,  but 
owing  to  the  lack  of  transportation  facilities  the  output  ha3  never 
exceeded  an  amount  necessary  to  supply  a  small  local  demand.  At 
the  present  time  the  Billings  and  Northern  Railroad  Company  is 
building  a  road  through  this  district,  which  will  afford  an  outlet  for 
the  coal.  Already  a  number  of  diamond-drill  prospect  holes  have 
been  bored  along  Sage  Creek  and  its  tributaries  in  order  to  ascertain 
the  northern  and  eastern  limits  of  the  coal  bed,  and  while  the  present 
investigation  was  being  conducted  plans  were  being  made  to  con- 
tinue diamond-drill  prospecting  in  the  vicinity.  At  the  present  time 
only  three  small  mines,  owned  by  Messrs.  Schultz,  Seman,  and 
Hughes,  are  being  worked.  The  Schultz  and  Seman  mines  are 
located  near  together  on  the  west  side  of  Spring  Draw,  in  sec.  20, 
T.  15  N.,  R.  12  E.  The  annual  output  of  the  former  is  about  1,000 
tons;  that  of  the  latter  is  somewhat  smaller.  Neither  of  these  mines 
is  well  equipped.  The  Hughes  mine  has  only  recently  been  opened. 
Besides  the  above-mentioned  mines  there  are  four  abandoned  mines, 
known  as  the  Fisher,  Sage  Creek  Sheep  Company,  Corwin,  and 
McGregor.  The  locations  of  the  mines  and  prospects  are  shown  on 
\  PL  X  (p.  162). 

\  QlTAIilTY  OF  COAT^. 

j  During  the  investigation  of  the  coal  resources  of  this  field  a  number 

of  samples  were  taken  of  the  coal  in  different  locaUties  for  the  pur- 
pose of  chemical  analysis.  These  samples  were  collc^jted  in  a  uniform 
manner  and  in  compliance  with  specifications  issued  by  the  fuel- 
testing  plant  of  the  United  States  Geological  Survey.  A  channel  was 
cut  perpendicularly  across  the  face  of  the  coal  bed  from  roof  to  floor 
,  of  such  a  size  as  to  yield  at  least  5  pounds  of  coal  per  foot  of  thick- 
ness of  coal  bed.  All  material  encountered  in  this  cut  was  included 
in  the  sample,  except  partings  more  than  three-eighths  of  an  inch 
thick  and  lenses  or  concretions  of  sulphur  or  other  impurities  greater 
than  2  inches  in  diameter.  The  coal  thus  obtained  was  pulverized 
sufficiently  to  pass  through  a  sieve  of  J-inch  mesh,  and  after  thor- 
ough mixing  was  divided  into  quarters,  opposite  quarters  being 
rejected.  This  process  was  continued  until  the  amount  was  reduced ' 
to  about  a  quart  sample.  The  material  was  then  placed  in  a  galva- 
nized can,  sealed  by  adhesive  tape,  and  sliipped  to  the  chemical 
laboratory  at  St.  Louis  for  analysis.  The  following  table  gives  the 
result  of  these  analyses: 
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Arudyses  of  coal  samples  from  Or  eat  Falls  coalfield,  Montana. 

[F.  M.  Stanton,  analyst.] 


Sage  Cr 
baain 


Creek 


Laboratory  No '   3756. 


3753. 


Analysis  of  sample  as  received: 

Moisture 

Volatile  matter 

Fixed  carbon 

fAsh 

I  Sulphur 

Ilydrogen 

Carbon 

Nitrogen 

(Oxygen 

Calorific  value  determined: 

Calories 

British  therma^ units 


11.26 

25.85 

46.49 

16.40 

4.56 

4.51 

53.47 

.60 

20.37 

5,122 
9,220 


Loss  of  moisture  on  air  drying 


5.50 


M 


p" 


Analysis  of  air-dried  sample: 

Moisture 

Volatile  matter 

Fixed  carbon 

f  Ash 

'VSulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  onits. . . 


6.09 

27  35 

49.18 

17.38 

4.82 

4.12 

56.57 

.73 

1&38 

5,420 
9.756 


9.27 

29.57 

45.90 

15.26 

3.96 

4.78 

58.13 

.79 

17.08 

5,625 
10,215 


4.60 


5.00 

31.00 

48.00 

16.00 

4.15 

4.48 

6a  93 

.83 

13.61 

5.949 
10.707 


Otter  Creek 
basin. 


3758.       3759. 


10.18 
24.82 
45.25 
19.75 
3.01 


a  76 

25.72 

50.36 

15.16 

3.91 

4.40 

58.93 

.79 

16.81 

5,626 
10.127 


4.00 


4.80 


5.85 
26.01 
47.43 
20.71 

3.15 


4.16 

27.02 

52.90 

15.92 

4.11 

103 

61.90 

.83 

13.21 

5,910 
10,637 


Sand  Coulee  basin. 


3757. 


13.07 
21.79 
4.3.26 
21.88 
1.30 
4.23 

.60 
21.95 

4,639 
8,350 


6.00 


Belt  district. 
3515.       3512. 


3514. 


3.51 

26.39 

50.00 

19.50 

3.74 

113 

61.51 

.68 

10.44 

6,045 
10.881 


1.60 


7.06 

25.47 

49.34 

18.14 

L67 

136 

58.10 

.64 

17.09 

5,623 
10, 121 


6.37 

27.55 

45.20 

20.88 

2.04 

3.92 

56.14 

.73 

16.29 

5,481 
9.866 


2.60 


2.70 


7.52 

L93 

1 
167 

23.18 

26.81 

26.15 

46.02 

51.44 

50.65 

23.28 

19.82 

18.63 

1.38 

3.80 

1.71 

3.79 

102 

117 

53.14 

62.51 

59.65 

.73 

.69 

.65 

17.68 

9.16 

15.19 

4,951 

6,094 

5,824 

o,  ooo 

11,058 

10,391 

3.77 

28.30 

46.46 

21.47 

2.06 

3.73 

57.70 

.74 

1128 

5.633 
10.139 


Sand  Coulee  basis 

I. 

Be 
3755. 

9.58 

23.24 

52.24 

li.M 

2.00 

128 

58.74 

.67 

19.37 

5,518 
9,932 

It  distric 

;t. 
3764. 

Stockett-Sand 
Coulee  district. 

Smith  River  district. 

Labo 

ratory  No 

3513. 

4115. 

4119. 

4118. 

4117. 

4111 

Anal; 

irsis  of  sample  as  received: 
Moisture 

162 
30.51 
40.14 
18.73 

3.59 

10.88 

20.27 

41.97 

26.88 

1.79 

3.72 

47.37 

.52 

19.72 

1301 
7,742 

6.01 

28.43 

51.42 

1114 

2.38 

146 

63.61 

.91 

1150 

6,196 
11,153 

7.49 

27.29 

51.44 

13.78 

2.32 

168 

62.21 

.88 

16.13 

6,115 
11.007 

182 

27.17 

46.13 

2L88 

2.84 

136 

56.96 

.72 

13.22 

5,518 
10,040 

6.17 

27.03 

52.03 

1177 

136 

143 

61.62 

.93 

13.89 

6,077 
10,939 

164 

H 

Volatile  matter 

27.44 

^• 

Fixed  carbon 

47.95 

A* 

rAsh 

20.07 

iSulphur 

109 

• 

il  voroffen 

123 

*» 

CarlMjn 

58.66 

s 

Nitrogen 

Oxygen 

.87 
12.08 

Calor 
C 
E 

ific  value  determined: 

alories 

5.818 

iritlsh  thermal  units 

10,472 

Lou  of  moisture  on  air  drying 

5.00 

2.10 

5.40 

2.40 

2.60 

L90 

2.20 

1.70 

Anal; 

i 

irsis  of  air-dried  tample: 
[Moisture 

182 

2146 

55.00 

15.72 

2.10 

3.91 

01.85 

.70 

,     15. 72 

5.808 
!  10.454 

1 

2.57 
31.17 
47.13 
19.13 

3.70 

5.76 

21.42 

4142 

2a  40 

1.89 

3.30 

50.06 

.55 

'     15.78 

4.546 
'    8.184 

1 

3.70 

29.13 

52.68 

1149 

2.43 

133 

65.17 

.92 

1     12.66 

6,348 
11,427 

5.02 

2&02 

52.81 

1115 

2.38 

151 

63.88 

.89 

1119 

6,278 
11,300 

2.96 

27.69 

47.03 

22.30 

2.90 

124 

58.06 

.73 

11.75 

5.678 
10,244 

106 

2.763 

53.20 

15.11 

146 

125 

63.02 

.95 

12.21 

6.213 
11,185 

2.80 

Volatile  matter 

27.91 

Fixed  carbon 

48.79 

• 

Calor 
C 
E 

r.\«h 

1  Sulphur 

Hydrogen 

Carbon .. 

Nitrogen 

Oxygen 

ifIc  value  determined: 

alories 

Iritlsh  thermal  units 

20.41 
113 
118 

50.66 
.88 

10.74 

5.918 
10.654 

These  analyses  show  that  the  coals  of  the  Great  Falls  region  are  to 
be  regarded  as  medium  grade  bituminous.  They  contain  on  an  aver- 
age about  49  per  cent  of  fixed  carbon,  26  per  cent  of  volatile  matter, 
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18  per  cent  of  ash,  and  3  per  cent  of  sulphur.  The  sulphur  occurs 
largely  in  the  form  of  iron-pyrite  nodules  which,  together  with  other 
impurities,  are  present  in  such  abundance  as  to  render  it  necessary 
to  wash  the  coal  before  placing  it  on  the  market.  The  sulphur 
nodules,  after  being  separated  from  bone,  shale,  and  other  impurities, 
are  sold  as  a  by-product  to  the  large  smelters  at  Anaconda,  Mont., 
where  they  are  utilized  in  the  process  of  pyritic  smelting. 

PUTURK     BBVEIiOPMENT    OF   THE    GREAT    FALI-S    COAIi 

FIBIiB. 

The  Great  Falls  coal  field,  owing  to  its  geographic  position  and 
relation  to  other  coal  fields,  is  destined  to  'remain  one  of  the  most 
important  coal-mining  districts  of  Montana.  The  territory  which 
this  field  may  be  expected  to  supply  with  coal  in  the  future  lies  mainly 
to.  the  north  and  northwest.  To  the  southeast  there  are  a  number  of 
coal  localities  along  Musselshell  River  which,  with  the  development 
of  proper  railroad  facilities,  would  probably  become  large  coal- 
producing  districts.  Throughout  the  area  bordering  the  Great  Falls 
coal  field  on  the  north  different  conditions  prevail.  Here,  although 
coal-bearing  rocks  occupy  extensive  areas  both  to  the  northeast  in 
the  vicinity  of  Havre  and  to  the  northwest  along  the  base  of  the 
Rocky  Mountain  front  range,  yet  from  the  best  information  obtain- 
able the  territory  underlain  by  coal  of  workable  thickness  is  not 
large  and  the  quality  is  poor,  so  that  much  of  this  part  of  Montana 
must  necessarily  be  supplied  with  coal  from  the  Great  Falls  field. 
The  Lethbridge  field-,  located  north  of  the  international  boundary 
line,  is  a  large  coal-producing  district,  but,  as  a  result  of  the  increased 
settlement  of  this  part  of  the  British  possessions  and  the  duty  of  60 
cents  per  ton,  much  of  the  output  of  this  field  will  probably  be  con- 
sumed in  Canadian  territory,  leaving  a  relatively  small  amount  to  be 
shipped  into  Montana. 

Less  than  10  miles  from  the  northern  edge  of  the  Sand  Coulee  basin 
is  located  the  town  of  Great  Falls,  a  thriving  business  center,  which  has 
a  population  of  about  18,000.  None  of  its  railroad  lines  are  trans- 
continental, but  it  is  situated  on  a  very  important  branch  connecting 
the  main  lines  of  the  Great  Northern  and  Northern  Pacific.  Rail- 
roads extend  in  four  different  directions  from  Great  Falls — one  south- 
westward  to  Helena  and  Butte;  another  northeastward  to  Havre,  a 
small  town  on  the  main  line  of  the  Great  Northern;  the  Montana  and 
Great  Northern  northwestward  to  Shelby  Junction;  and  the  Neihart 
branch  of  the  same  road  connecting  Great  Falls  with  Neihart.  The 
last  named  is  connected  by  a  short  branch  road  leaving  it  at  Gerber 
station  with  Stockett  and  Sand  Coulee,  two  of  the  larger  coal-mining 
camps  of  the  Sand  Coulee  basin.     In  addition  to  these  roads  the 
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Burlington  extension  from  Billings  to  Great  Falls  is  now  under  con- 
struction. This  line  will  cross  the  northern  edge  of  the  Sage  Creek 
and  Otter  Creek  basins^  thus  affording  shipping  facilities  for  these 
two  undeveloped  coal  areas.  Preliminary  surveys  have  also  been 
made  into  Great  Falls  from  the  south,  following  Smith  River'  down- 
stream and  passing  through  one  of  the  most  promising  undeveloped 
portions  of  the  field. 

Another  factor  to  be  considered  in  the  general  development  of  this 
region  is  the  unharnessed  water  power  contained  in  the  falls  of  Mis- 
souri River,  located  a  few  miles  below  the  town  of  Great  Falls.  At 
present  the  Black  Eagle  Falls,  one  of  the  smallest  of  this  series  of 
cataracts  and  the  only  one  which  has  been  utilized,  furnishes  power 
for  the  large  smelters  owned  by  the  Boston  and  Montana  Company's 
flour  mills,  the  city  electric-lighting  plant,  and  other  minor  industries. 
With  the  proper  utilization  of  the  Rainbow,  Crooked,  and  Big  falls, 
located  farther  down  the  river,  sufficient  power  could  be  generated  to 
supply  many  more  large  industrial  enterprises.  The  presence  of  so 
large  an  amount  of  undeveloped  water  power  within  a  relatively  short 
distance  of  the  large  mining  centers  Butte  and  Anaconda  makes  Great 
Falls  a  favorable  site  for  smelting  plants. 

The  Great  Falls  region  was  formerly  a  grazing  district  and  sparsely 
populated.  Small  tracts  of  land  were  irrigated  here  and  there  along 
the  valleys,  but  with  the  growth  in  population  and  the  increased 
demand  for  agricultural  produce  irrigation  began  to  be  more  generally 
practiced  along  the  larger  streams,  resulting  eventually  in  the  con- 
struction of  several  large  canals  by  private  individuals  or  small  com- 
panies organized  among  the  ranchmen.  Extensive  operations  are 
now  being  carried  on,  both  by  the  Government  and  by  private  enter- 
prise, to  reclaim  larger  tracts  of  land  along  Sun  and  Teton  rivers  and 
the  highland  lying  between  these  two  streams. 

Although  the  Great  Falls  'district  is  at  present  not  very  thickly 
settled,  it  is  believed  that  the  increasing  railroad  facilities,  the  com- 
pletion of  the  Government  irrigation  projects,  which  will  reclaim 
thousands  of  acres  of  fertile  farming  land,  and  the  almost  unparal- 
leled tidvantages  for  the  development  of  water  power  will  cause  the 
population  to  increase  rapidly  within  the  next  decade.  This  increase 
will  be  attended  by  an  increased  demand  for  coal,  both  for  domestic 
and  steam  purposes. 


COALS  OF  CARBON  COUNTY,  MONT. 


By  N.  H.  Darton. 


introductio:n^. 

The  area  treated  in  this  report  comprises  about  two-thirds  of  Carbon 
County,  Mont.  It  lies  mainly  in  the-  central  portion  of  the  county, 
in  and  adjoining  the  valleys  of  Clark  Fork  and  Kock  Creek.  The 
report  sets  forth  the  results  of  examinations  made  in  the  autumn  of 
1906  with  a  view  of  determining  the  extent  of  the  workable  coal  beds 
and  the  structure  and  stratigraphic  relations  of  the  coal-bearing  rocks. 
Previous  reports  on  the  coal  of  the  region  have  consisted  of  some 
preliminary  notes  on  the  Red  Ix)dge-Bridger  mines  by  Wolff ,°  Weed,** 
Eldridge,''  and  Rowe,**  and  a  brief  notice  of  the  Bear  Creek  field  pub- 
lished by  C.  A.  Fisher « in  1906. 

GKOGUAPIIY. 

The  portion  of  Carbon  County  treated  in  this  report  consists  mainly 
of  a  hilly  country  lying  between  the  western  slope  of  Pryor  Moimtain 
and  the  northern  side  of  the  Beartooth  Mountains.  It  is  traversed 
from  south  to  north  by  Clark  Fork,  a  large  stream  which  flows  into 
Yellowstone  River.  The  stream  next  in  sis^  is  Rock  Creek,  which 
rises  in  the  Beartooth  Mountains  and  empties  into  Clark  Fork  north- 
east of  Joliet.  Clark  Fork  flows  in  a  wide  valley,  into  which  enter 
numerous  side  valleys  draining  the  ridges  and  plateaus  on  either  side. 
In  this  valley  are  situated  three  villages  of  moderate  sis^ — Bridger, 
Fromberg,  and  Belfry — which  are  connected  by  railroad  with  the 
Northern  Pacific  system  at  Laurel.  Rock  Creek  emerges  from  a 
mountain  gorge  3  miles  above  Red  Lodge  and  flows  northward  in  a 
sliallow  valley,  in  which  there  is  another  branch  of  the  Northern  Pacific. 
This  branch  terminates  at  Red  Lodge,  a  towTi  of  about  2,200  inhab- 
itants, sustained  largely  by  the  extensive  coal-mining  operations. 
Joliet,  a  small  but  rapidly  growing  village,  is  also  situated  on  Rock 
Creek. 


a  Wolir.  J.  E..  Rock  rrcM?k  coal  n«'ld:  Tt-nth  Census.  Rcpt.  on  Mining.  1875. 

f>  Weed.  W.  H.,  Coiil  fields  of  Montana:  Eng.  and  Mln.  Jour.,  vol.  53.  1892.  p.  520. 

cEldridge.  G.  H.,  Bull.  V.  S.  (Jeol.  Survey  No.  ll«j.  IcWI,  p.  53. 

d  Rowe.  J.  P.,  Montana  coal  and  lignite  d<'iK>sitj..  Missoula,  Mont.,  1906. 

'  Bull.  U.  S.  Geol.  Survey  No.  285,  1900,  pp.  2tJ9-270. 
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On  the  map  (PI.  XI)  are  shown  the  principal  geographic  features 
of  the  region,  including  the  topography,  which  is  represented  by  con- 
tours with  intervals  of  200  feet.  The  map  is  drawn  largely  from  land- 
office  plats,  with  various  additions  and  modifications,  many  of  which 
were  obtained  from  the  county  map  prepared  by  F.  W.  Hines.  The 
topography  is  based  mostly  on  barometric  readings  connected  with 
points  of  known  elevation  at  the  various  railroad  stations  and  with 
the  level  line  run  by  the  United  States  Geological  Survey  from  Red 
Lodge  southward.  This  map  will  be  found  much  more  exact  for  the 
areas  of  coal,  where  many  section  comers  were  located,  thiin  for  the 
adjoining  region,  where  no  attempt  was  made  to  do  more  than  outline 
the  topography. 

The  most  notable  topographic  features  are  the  deep,  wide  valley  of 
Clark  Fork;  the  elevated  valley  of  Rock  Creek,  with  its  bordering 
terraces;  the  western  slopes  of  the  Pryor  Mountain  uplift  east  of 
Bridger,  and  the  prominent  ridge  of  limestone  and  granites  on  the 
flank  of  the  Beartooth  Mountains  south  of  Red  Lodge. 

GEOLOGY. 

SEDIMENTARY  ROCKS. 


GENERAL   RELATIONS. 

The  sedimentary  rocks  outcropping  in  Carbon  Coimty  comprise  an 
extensive  series  of  deposits  from  the  pre-Cambrian  granites  and 
schists  to  the  Fort  Union  formation.  There  is,  in  general,  a  regular 
succession  from  the  **Red  Beds"  on  the  flank  of  Pryor  Mountain 
uplift  east  of  Bridger  to  the  sandstones  and  shales  overlying  the 
uppermost  coal  measures  south  of  Red  Lodge,  all  having  a  nearly 
continuous  dip  to  the  southwest.  On  the  northeast  side  of  the  high 
ridge  south  of  Red  Lodge  these  strata  are  cut  off  by  a  profoimd  fault, 
along  which  Carboniferous  limestone  and  underlying  formations  are 
uplifted  with  nearly  vertical  dips.  The  general  stratigraphic  succes- 
sion in  the  coal-bearing  and  associated  rocks  of  the  area  is  as  follows: 

Coal-bearing  and  associated Jormaiions  in  Carbon  County,  Mont. 


Period. 

Formation. 

Tblckness. 

Cbaracterlstics. 

Tertiary 

Upper  barren  rocks 

Feet. 

3,000 
100-700 

6,000-7,000 

3-6 
2,2004- 

1,200 

1£0 

Soft  massive  sandstones  and  sandy  shales. 

Do 

Bear  Creek- Red  Lodgecoal- 

bearing  rocks. 
Lower  barren  rocks 

Sandstones  and  sbales  with  several  coal 

(?) 

bods. 
Sandy  shales  and  solt  sandstones  with  a 

(?) 

Bridger  coal  bed 

lew  thin  coal  beds. 
Coal  with  bone  and  shale  parting. 

Cretaceous 

Montana  sbalc 

Mostly  dark-crray  shale  capped  by  mas- 

Do 

Colorado  sbalc 

slve  buff  sandstone. 
Gray  shale  with  thin  hard  sandstone  near 

Do- 

Clovcri  V  sandstone 

top. 
Sanastone  and  conglomerate  with  purple 

and  gray  clay  member  near  top. 

Mil— BuU.  316-07 12 
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CRETACEOUS   SYSTEM. 

The  Cretaceous  system  is  represented  in  Carbon  County  by  more 
than  10,000  feet  of  sedimentary  rocks,  of  which  only  a  small  portion 
near  the  base  are  believed  to  be  Lower  Cretaceous.  The  upper 
limit  of  the  system  could  not  be  ascertained  and  probably  a  large 
part  of  the  upper  beds  in  the  basin,  as  well  as  the  Red  Lodge-Bear 
Creek  coal-bearing  rocks,  are  of  Fort  Union  (early  Eocene)  age. 

OLOVEKLT  FORMiLTIOH. 

The  Clovcrly  formation,  consisting  mainly  of  coarse,  hard  sand- 
stones, outcrops  on  the  slope  of  the  Pryor  Mountain  uplift  in  Range 
24.  Its  thickness  ranges  from  100  to  150  feet  and  owing  to  its  hard- 
ness it  gives  rise  to  ridges  of  considerable  prominence  through  which 
the  streams  have  cut  canyons  with  precipitous  walls.  The  formation 
consists  of  three  members.  Its  lower  half  is  a  coarse,  massive,  hard 
sandstone,  in  part  conglomerate,  especially  toward  the  base.  Next 
above  are  50  feet  or  more  of  soft  shale  or  clay,  of  gray  and  purplish 
tints,  with  thin  sandstone  beds  included.  At  the  top  are  a  few  feet- 
of  gray  to  buff  slabby  sandstones,  usually  weathering  to  a  brownish 
color.  The  two  lower  members  are  believed  to  represent  the  Lakota 
and  Fuson  formations  of  the  Black  Hills,  which  are  of  Lower  Creta- 
ceous age,  and  the  upper  member  to  represent  the  Dakota  sandstone 
or  the  Kootenai  of  Canada. 

COLORADO   FOBHATION. 

The  Cloverly  formation  is  overlain  by  1,200  feet  or  more  of  gray. 
shale,  which  outcrops  in  a  wide  belt  of  ridges  east  of  Clark  Fork  and 
Jack  Creek.  These  rocks  dip  gently  westward.  At  the  base  are 
about  400  feet  of  soft  shale  of  dark  color;  this  is  succeeded  by  150  feet 
of  harder  shale,  with'  thin  beds  of  dark-colored,  fine-grained  sand- 
stone that  in  the  Bighorn  uplift  is  known  as  the  Mowry  beds. 
This  member  gives  rise  to  ridges  of  considerable  prominence,  many 
of  them  bearing  a  few  scattered  pine  trees.  It  weathers  to  a  light- 
gray  color,  and  contains  large  numbers  of  fish  scales,  all  of  which 
arc  characteristic  features.  The  Mowry  beds  are  overlain  by  several 
hundred  feet  of  light-gray  shale  with  a  few  thin  sandstone  layers. 
This  shale  is  capped  by  a  very  characteristic  sandstone  member,  20 
to  50  feet  thick,  which  forms  a  small  but  prominent  ridge  extending' 
along  the  east  side  of  the  valley  of  Clark  Fork  to  Bridger  Creek  and 
thence  southeastward  along  the  east  side  of  the  valley  of  Jack  Greek. 
It  is  a  gray,  hard  sandstone  of  moderately  fine  grain,  ranging  from 
massive  to  slabby  in  bedding.  It  undoubtedly  represents  a  horison 
which  is  persistent  throughout  Wyoming  and  eastern  Colorado  at  or 
near  the  top  of  the  Carlilc  formation,  the  uppermost  member  of  the 
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Benton  group.  Here  juid  then?  in  the  shjile  a  short  distance  below  it 
occur  concretions  which  contain  remains  of  PriotkocytlHS  wclgari.  a 
fossil  which  also  is  characteristic  of  this  upper  Benton  horizon.  The 
sandstone  is  oTeriain  by  shale  which  appears  to  merge  upward  into 
the  shale  of  the  OTerhing  ^lontana  formation  iPierre^.  As  there  is 
no  evidence  of  a  break  in  the  stratigraphic  succcsshmu  probably  there 
exists  here  a  representative  of  the  Niobrara  formaticnn.  but  owing  to 
the  lack  of  fossils  and  also  of  the  distinctive  limy  deposits  which 
characterize  this  formation  in  other  regions,  it  is  not  distinguishable 
in  Carbon  County.  Accordingly,  no  definite  boundary  can  be  drawn 
between  the  G>lorado  and  Montana  formations. 

momtAMA  lOBJIUXIOV. 

The  wide  valley  of  Clark  Fork  below  the  mouth  of  Bridger  Creek  is 

occupied  by  soft  gray  shale  of  the  Montana  formation,  and  the  outcrop 

zone  of  this  shale  also  extends  southeastward  up  the  valley  of  Jack 

Creek.     The  shale  is  2.000  or  more  feet  thick  and  is  overlain  bv  200 

feet  of  sandy  shale  and  thin-bedded  sandstone,  merging  upward  into 

a  massive  sandstone  50  to  60  feet  thick,  which  15  tentatively  regarded 

as  the  top  of  the  formation.     This  sandstone  constitutes  a  line  of 

ridges  and  bluffs  of  moderate  prominence  in   the  slopes  west   of 

Bridger  and  Fromberg.  north  and  south  of  Joliet,  and  along  the  south 

side  of  Jack  Creek  valley.      It  is  buff  to  gray  in  color,  massively 

bedded,  and  of  moderate  hardness.     A  few  fossils  were  found  in  the 

shale,  but  no  organic  remains  were  observed  in  the  sandstone. 

On  Cottonwood  Creek  the  upper  beds  of  the  formation  comprise  30 
feet  of  massive  sandstone  lying  upon  100  feet  of  sandy  shale  and 
soft  sandstone,  10  feet  of  harder  sandstone,  and  50  feet  of  soft  sand- 
stone and  sand)'  shale  i^ith  .sandstone  concretions.  These  rest  upon 
1,600  feet  or  more  of  the  shale  which  underlies  Jack  Creek  vallev. 

BailWKB  COAL  BKD. 

Overiying  the  Montana  sandstone  are  a  few  feet  of  sandy  shale 
and  sandstone  containing  the  Bridger  coal  l>ed.  The  outcrop  of  this 
bed  extends  along  the  valley  or  .shelf  just  west  of  the  ridge  of  Montana 
sandstone.  It  passes  a  short  distance  west  of  Bridger,  Fromberg, 
and  Joliet,  and  extends  along  the  ridge  hnng  Wtween  Jack  and  Cot- 
tonwood creeks.  The  coal  rarely  appears  at  the  surface,  but  it  is 
opened  at  a  ntmiber  of  mines  at  inter\'als  through  Tps.  4  to  8.  The 
thickness  of  the  coal  bed  from  the  vicinity  of  Bridger  to  Joliet  ranges 
from  3  feet  to  5  feet  8  inches.  In  the  ridge  between  Jack  and  Cot- 
tonwood creeks  the  coal  rapidly  diminishes  in  thickness,  and  in  an 
old  mine  in  the  northeast  comer  of  T.  8  S.,  R.  23  E.,  it  is,  as  reported, 
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only  about  2  feet  thick.  To  the  north  from  Joliet  also  the  coal  thins 
rapidly,  but  owing  to  lack  of  exposures  the  thickness  could  not  be 
ascertained.  How  far  westward  the  Bridger  coal  extends  is  not 
known;  to  judge  by  the  length  of  the  deposit  north  and  south,  how- 
ever, it  may  underlie  a  wide  area  west  of  the  outcrop  zone.  The 
Bridger  mine  has  been  worked  westward  for  more  than  half  a  mile 
and  tlje  coal  shows  no  signs  of  diminution  in  thickness  in  that  dis- 
tance. In  a  diamond-drill  hole  sunk  in  the  center  of  sec.  24,  T.  6  S., 
R.  22  E.,  the  coaly  deposits  were  entered  at  a  depth  of  860  feet  and 
continued  to  a  depth  of  980 feet.     The  log  of  the  boring  is  as  follows: 

Log  of  diamond-drill  boring  in  center  of  sec.  24,  T.  6  S.y  R.  :22  E. 

Ft.    in. 

Sand  and  gravel 23 

Clay,  hard 8 

Sandstone  and  soapstone 43 

Sandstone 14 

Sandstone  and  soapstone 77 

Sandstone 67 

Sandstone  and  soapstone 141 

Sandstone 63 

Sandstone  and  soapstone 76 

♦    Soapstone,  part  coaly 9    4 

Sand  and  soapstone 6 

Shale,  coaly 8 

.     Sandstone,  coarse 58 

Sandstone,  fine 20      6 

Sandstone  and  soapstone 219 

Sandstone,  fine 35 

Shale,  in  part  coaly 18 

Shale,  coaly 2      3 

Sand,  fine 6      9 

Soapstone,  with  10  inches  coaly  shale  near  base 13 

Soapstone,  with  thin  coal  and  coaly  shale 10 

Sandstone 17 

Shale,  with  thin  curly  bands 13      8 

Soapstone,  with  4  feet  of  sandstone 14      6 

Coal : 1      8 

Sandstone  and  soapstone 24 

Sandstone,  black 7 

Shale,  coaly 1      2 

Soapstone 6 

Coal : 1    11 

Soapstone 3 

Sandstone 158      6 

Soapstone,  black 69 

Shale,  light  brown. 4 

Soapstone,  black 18      2 

Conglomerate? 50 

1,294      7 
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A  shaft  recently  sunk  at  the  foot  of  the  sandstone  bluff  a  short 
distance  west  of  the  tipple  of  the  Bridger  mine  afforded  the  following 
section  of  Bridger  coals  and  associated  strata: 

Section  at  Bridger  shaft. 

Ft.    in. 

Sand 12 

Rock,  gray 57      9 

Soapstone fi 

Coal 2 

Rock,  white •     2 

Coal 4 

Bone 8 

Coal 4 

Bone : 1     10 

Coal 6 

Bone 4 

Coal 11 

Soapatone 7 

Coal 1 

Soapstohe ^ 2 

Rock,  black 4      7 

Coal 11 

Bone 2 

Soapslone 9 

Sandstone 5 

Ironstone 8 

Soapstone 8      8 

Coal 8 

Sandstone 2 

Coal 2 

Soapstone 3      9 

Sandstone 2      6 

Sandstone 12-f 

130    10 

No  evidence  was  obtained  as  to  the  age  of  the  Bridger  coal,  and 
it  may  be  either  Montana  or  early  Laramie. 

LOWEB  BARBSH  MEASURES. 

A  wide  area  lying  west  of  the  outcrop  of  the  Bridger  coal  is  occupied 
by  a  succession  of  sandstones  and  sandy  shales  several  thousand  feet 
thick.  These  rocks  are  believed  to  be,  in  part,  at  least,  of  Laramie 
age,  and  they  have  the  features  generally  associated  with  that  forma- 
tion. They  consist  of  many  extensive  bodies  of  sandstone  of  gray 
to  buff  color,  separated  by  deposits  of  clay  and  shale,  some  of  which 
are  carbonaceous  and  carry  thin  beds  of  coal.  At  the  base  of  the 
formation,  overlying  the  Bridger  coal,  is  a  thick  mass  of  sandstone 
of  considerable  hardness,  which  gives  rise  to  a  prominent  bluff  or 
ridge.     This  bluff  is  especially  conspicuous  west  of  Joliet,  Fromberg, 
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and  Bridger,  and  along  the  divide  between  Jack  and  Cottonwood 
creeks.  The  sandstone  is  at  least  300  feet  thick,  including  some 
beds  of  sandy  shale  which  occur  at  intervals.  The  succession  is 
somewhat  irregular.  At  Bridger  the  coal  is  overlain  by  a  few  feet 
of  sandstone  and  shale  merging  upward  into  100  feet  of  gray  shale 
and  thin  sandstone,  over  which  lies  a  thick  body  of  sandjstone  con- 
stituting the  high  ridge.  The  bore  hole  that  is  described  on  page 
179  passes  through  these  beds,  but  owing  to  the  expression  *' sand- 
stone and  soapstone"  used  by  the  driller  the  character  of  the  rocks 
is  not  clear.  On  Cottonwood  Creek  the  Bridger  coal  is  overlain  by 
200  feet  of  heavily  bedded,  hard,  buff  sandstone.  This  is  followed 
by  several  hundred  feet  of  shales  and  sandstones,  giving  place  above 
to  a  thick  mass  of  hard  sandstone  which  constitutes  the  high  ridge 
east  of  Cottonwood  Creek.  Next  above  are  shales,  clays,  and 
thinner-bedded  sandstones,  followed  in  turn  by  another  thick  sand- 
stone series,  which  is  prominent  in  high  ridges  in  the  center  of  R.  22, 
Tps.  5  and  6,  and  the  center  of  R.  23,  T.  8.  This  sandstone  series 
is  followed  by  a  succession  of  sandstones  and  shales  which  extend  to 
the  base  of  the  Red  Lodge-Bear  Creek  coal-bearing  rocks.  The 
total  thickness  of  the  lower  barren  measures,  as  approximately 
determined  on  several  cross-section  lines,  is  at  least  5,000  feet,  and 
apparently  it  approaches  7,000  feet.  The  dips,  however,  are  low, 
and  the  details  of  stratigraphy  are  not  marked,  so  that  it  is  difficult 
to  ascertain  the  thickness  precisely.  Thin  coal  beds  occur  in  this 
formation,  but  2  feet  appears  to  be  the  maximum  thickness,  and  the 
deposits  are  not  extensive.  A  2-foot  coal  bed  has  been  worked  to 
a  small  extent  in  an  opening  2J  miles  north  of  Red  Lodge  and  on  the 
bank  of  Clark  Fork  just  below  the  mouth  of  Dillworth  Creek.  The 
latter  locality  is  south  of  the  area  shown  on  the  map.  Some  fossils 
obtained  in  the  upper  beds  on  Wolf  Creek  have  been  determined  by 
T.  W.  Stanton  as  follows:  Physa  sp.,  Hydrobia  sp.,  Viviparus  trochi- 
formis  M.  and  H.?,  and  Thaumastus  limn^iformis  M.  and  H.?  These 
are  from  beds  about  600  feet  below  the  top.  From  higher  beds  a 
very  short  distance  below  the  coal-bearing  rocks  just  east  of  Bear 
Creek  the  following  forms  were  obtained:  Unio  priscus  M.  and  H.?, 
Viviparus  raynoldsanus  M.  and  H.?,  Bulinus  sp.  and  Goniobdsis 
tenuicarinaia  M.  and  H.  Mr.  Stanton  states  that  both  lots  of  fossils 
are  suggestive  of  the  Fort  Union  formation  rather  than  the  Laramie, 
although  some  of  these,  as  well  as  other  similar  species,  occur  in  the 
Laramie  also. 

RXO  LODOE-BSAR  CREEK  COAL-BEARINO  ROOKS  AND  OVERLTIHO  BEDS. 

The  highest  strata  in  the  Carbon  County  basin  consist  of  2,000  fe6t 
or  more  of  sandstones  and  shales  containing  in  the  lower  600  feet  a 
local  development  of  thick  coal  beds.     Except  for  the  coal  the  rocks 
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are   similar   to   those   of   the   barren   beds   which  Ue   conformably 

beneath  them.  They  consist  largely  of  sandstones,  gray  to  pale  buflF 
in  color,  and  harder  in  the  coal-bearing  portion  than  in  the  upper 

part  of  the  series.  Shales  and  clays  are  interbedded  at  intervals  in 
bodies  from  a  few  inches  to  50  feet  or  more  in  thickness  and  they 
usually  contain  thin-bedded  sandstones.  The  stratigraphy  is  variable, 
and  probably  there  would  be  great  difficulty  in  tracing  individual  beds 
from  place  to  place. 

The  principal  deposits  are  contained  in  about  700  feet  of  strata  at 
Red  Lodge,  which  comprise  eleven  workable  coal  beds,  as  shown  by 
the  following  section: 

Section  of  coal-bearing  beds  at  Red  Lodge. 

Ft.   In. 

Slate 4 

Sandstone 10 

Slate 2 

Sandstone 20 

Slate,  including  3  inches  of  bone 14      3 

Sandstone 6 

Slate,  including  3  inches  of  bone 18      3 

Sandstone 8 

Slate,  black 6 

Coal,  bed  No.  1 11      7 

Sandstone 90      3 

Shale 3 

Coal,  bed  No.  IJ 4      6 

Slate  and  shale 3      6 

Sandstone 18 

Shale 11 

Sandstone 25 

Shal  e 2      1 

Sandstone,  gray 6 

Shale 3 

Coal,  bed  No.  2 6    10 

Slate 5      2 

Shale,  sandy 5      6 

Slate 10 

Sandstone 38      7 

Slate  and  sandstone,  including  6  inches  of  bone 8      4 

Coal,  bed  No.  3 11      2 

Slate  ,black 1 

Shale,  sandy 20 

Slate,  black 4 

Slate,  gray 10 

Sandstone 60 

Shale,  sandy 19 

Shale,  black 1 

Coal,  bed  No.  4 11      8 

Shale 2      6 

Sandstone 13 

Shale 2 
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Ft     In. 

Shale,  sandy 17 

Coal,  bed  No.  4J 5      4 

Slate li 

Sandstone 40 

Slate,  black 2      6 

Sandstone Ifi 

Coal  and  slate 5 

Slate  with  black  dirt 4      6 

Coal,  bed  No.  5 12      4 

Shale 12 

Coal,  bed  No.  6 5      6 

Sandstone,  slate,  and  bone 14 

Coal,  bed  No.  7 2      2 

Slate  and  sandstone 9 

Slate,  black 5 

Sandstone 24      6 

Slate,  blue 10 

Sandstone,  gray 6 

Coal,  bed  No.  8 25      2 

Clay 1 

Sandstone,  gray 15 

Slate,  blue i 25 

Bone,  dirt,  and  clay 1      4 

Shale,  blue 24 

Coal,  bed  No.  9 11    10 

Shale,  sandy 4      6 

Sandstone 10 

Slate,  sandstone,  and  clay 3      6 

Bone 6 


802      6) 


The  stratigraphy  about  Red  Lodge  is  well  illustrated  by  the  rec- 
ords of  diamond-drill  borings  that  have  been  made  in  this  vicinity. 
The  following  section  represents  a  bore  hole  that  was  put  down  in 
the  northern  part  of  Red  Lodge,  beginning  at  or  near  the  base  of  the 
coal-bearing  beds : 

Record  of  bore  hole  at  Red  Lodge,  in  the  S  W.  \  NE.  \  SE.  J  sec,  27. 

Ft.  In. 

Surface 12 

Shale 88 

Bone  and  coal 2 

Shale 133 

Sandstone 15 

Bone  and  coal 6 

Shale 7    6 

Sandstone 40 

Shale 20 

Bone  and  coal 2 

Shale 30 
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Ft.        in. 

Sandstone 18 

Shale 29 

Coal,  dirty 10 

Shale 10 

Coal,  dirty 1 

Sandstone 25 

Coal,  dirty 2 

Shale 55 

Bone  and  coal 1 

Shale 4 

Sandstone 18 

Coal  and  bone 10 

Shale 12 

Shale 34 

Coal,  dirty 6 

Shale 62 

647 

As  stated  on  page  180,  coal  occurs  lower  down,  for  there  is  a  small 
mine  on  a  2-foot  bed  2J  miles  below  Red  Lodge  station,  on  the  west 
side  of  Rock  Creek,  and  other  thin  beds  are  reported  in  the  interval. 
The  beds  dip  to  the  south  at  angles  of  12°  to  18°  in  this  portion  of 
the  valley,  so  that  several  thousand  feet  of  beds  appear  in  a  few  miles. 

The  following  section  represents  the  strata  passed  through  by  a 
bore  hole  in  the  southeastern  part  of  Red  Lodge.  The  rocks  pene- 
trated lie  in  greater  part,  if  not  entirely,  above  coal  bed  No.  1  of  the 
Red  Lodge  mines. 

Record  of  bore  hole  in  the  SE.  \  SW.  i  NE.  \  sec.  M. 

Ft.  in. 

Surface 1 51 

Shale 118 

Bone  and  coal 6 

Shale : 108    6 

Sandstone 10 

Shale 42 

Sandstone 10 

Shale 22 

Sandstone 8 

Shale 106 

Sandstone * 12 

Shale 109 

Sandstone 18 

Bone  and  coal 1 

Shale 24 

Sandstone 25 

665 

The  next  bore  hole  begins  still  farther  up  in  the  series  overlying 
the  Red  Lodge  coal  beds,  but  penetrates  the  underlying  coal-bearing 
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rocks.     It  is  difficult,  however,  to  recognize  the  individual  beds  in 
this  record: 

Record  of  bore  hole  in  the  SE.  \  SE,  i  SE.  \  sec.  So. 

Ft.     in. 

Surface 47 

Sandstone  and  shale 126 

Shale,  hard 42 

Coal  and  bone 1 

Shale 4 

Sandstone 60 

Coal 1    6 

Shale 3    6 

Sandstone 14 

Coal,  dirty 4 

Sandstone 12 

Shale 45 

Sandstone 44 

Coal,  dirty 8 

Sandstone 53 

Coal  aiid  bone 1     6 

Shale 101     6 

Coal  and  bone 10 

Shale 99 

Coal,  good 8 

Sandstone 5 

Shale 28 

Coal,  good 3 

Shale 2 

Sandstone  and  shale 109 

Shale 7 

Coal 1 

Shale 3 

Coal,  dirty 2 

Shale 5 

Coal,  dirty 5 

Sandstone 5 

Shale 29 

Coal,  dirty 5 

Shale 16 

Sandstone 28 

Shale 23 

Coal 6 

Sandstone 1     6 

Bone  and  coal 2 

Shale 5 

Sandstone  and  shale 68 

Coal 6 

Sandstone 3    6 

Shale 22 

Sandstone 11 

Shale 6 

C/oal  and  shale 4 

Shale 55 

1,140 
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The  coal  measures  of  Red  Lodge  strike  nearly  due  east  across  the 
divide  lying  between  the  head  of  Rock  Creek  and  the  northerly  forks 
of  Bear  Creek.  They  are  thickly  covered  by  gravel  on  this  wide, 
flat-topped  divide,  but  appear  again  extensively  in  the  Bear  Creek 
basin.  There  is  some  variation  in  thickness  and  succession  of  the 
coal  and  inclosing  beds,  but  the  salient  features  persist  for  some  dis- 
tance. The  dip  decreases  to  5°  and  less  and  its  direction  gradually 
changes  more  to  the  west.  The  succession  in  the  vicinity  of  the 
Bear  Creek  mines  is  shown  in  the  following  section : 

Section  of  coal  measures  on  Bear  Creek. 

Ft.    In. 

Coal,  No.  1,  clean '. 6 

Sandstone  with  thin  coal  beds  and  lire  clay 141 

Coal,  No.  2,  clean 6      6 

Sandstone,  mostly  coarse 102 

Shale 6 

Coal I                                                                                 (  8      5 

Fire clay..lNo.  3 10 

Coal J  2 

Sandstone,  very  hard 45 

Coal I                                                                              I  2      2 

Clay No.  4 1  2 

Coal I                                                                              I  2      2 

Clay 75 

Coal,  No.  5,  clean 4      6 

Sandstone 40 

Coal,  No.  6,  clean 4 

Sandstone 80 

Coal,  No.  7,  clean 10 

Sandstone  and  shale 70 

Coal,  No.  8,  clean 5 


610      9 

The  coal-bearing  formation  has  a  ^thickness  of  about  600  feet,  in 
which  there  are  about  50  feet  of  coal.  There  are  eight  principal  beds, 
but  above  and  below  these  are  additional  thin  beds  which  have  no 
value  at  the  present  time. 

The  coal  beds  are  exposed  at  various  places  near  the  town  of  Bear 
Creek  and 'present  but  little  variation  in  their  character  and  rela- 
tions. To  the  south,  however,  they  rapidly  become  thinner  and 
more  impure,  so  that  in  the  vicinity  of  Grove  Creek,  where  they  pass 
under  a  thick  mantle  of  alluvial  wash,  they  are  few  in  number  and 
of  greatly  diminished  thickness.  In  the  next  township  south  they 
are  too  thin  to  be  workable  under  present  conditions.  In  Foster 
Gulch,  a  mile  and  a  half  southwest  of  Bear  Creek  post-ofl^ce,  bed 
No.  3  is  8  feet  thick,  and  consists  entirely  of  clean  coal  of  fine 'quality. 

Fossils  occur  very  abimdantly  in  the  roof  of  No.  3  coal  bed  in  the 
Bear  Creek  mines.  They  comprise  the  following  species,  determined 
by  Mr.  Stanton:  Unio  priacua  M.  and  H.  ?,  Sphssriumformosum  M.  and 
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V. 

Hrf,  and  Ooniobdsis  tenuicarinata  M.  and  H.  These  forms  suggest 
tnat  the  strata  may  be  of  Fort  Union  age,  but  they  do  not  afford  con- 
cliisive  evidence.  J.  P.  Rowe  has  obtained  fossil  leaves  from^and- 
stones  separating  the  coal  beds  in  the  Red  Lodge  field,  which  he^ates 
are  of  Fort  Union  age.* 

IGNEOUS    ROCKS. 

The  coal-bearing  rocks  in  the  Red  Lodge-Bear  Creek  field  are  trav- 
ersed by  several  dikes  of  dark-colored  igneous  rock  occupying  vertical 
fissures.  They  average  a  foot  in  thickness  and  extend  west-north- 
westward, rudely  parallel  to  the  course  of  the  great  fault  which  brings  up 
the  Madison  limestone  2  to  3  miles  farther  southwest.  Their  contact 
relations  are  clearly  exposed  at  some  points,  and  they  appear  to  have 
caused  but  little  alteration  in  the  sandstones  and  shales  which  they 
traverse.  Their  influence  on  the  coal  was  not  ascertained,  but  pre- 
sumably they  harden  it  and  decrease  the  amount  of  volatile  constitu- 
ents for  a  short  distance.  On  microscopic  examination  by  Albert 
Johannsen  the  rock  was  found  to  be  a  camptonite,  consisting  of  augite 
crystals  in  a  groundmass  of  plagioclase,  magnetite  grains,  and  some 
apatite.  It  is  of  medium  dark-green  color  and  has  a  mottled  appear- 
ance, due  to  the  small  scattered  prismatic  black  crystals  of  augite, 
rarely  1  nun.  in  length,  in  an  aphanitic  decomposed  groundmass. 
This  groundmass  consists  of  50  per  cent  of  minute  crystals  of  augite, 
generally  in  laths  and  usually  altered,  5  per  cent  of  magnetite,  and  a 
small  amount  of  apatite  scattered  in  an  aggregate  of  plagioclase. 
The  minerals  are  greatly  altered,  some  of  the  augite  being  changed 
to  greenish-yellow  serpentine. 

^  STRUCTURE. 

The  coal  field  treated  in  this  report  is  a  monocline  extending  south- 
westward  from  the  western  slope  of  the  Pryor  Mountain  uplift.  On 
the  southwest  it  is  cut  off  by  a  fault  having  a  throw  of  many  thousand 
feet,  which  brings  to  the  surface  granite  and  some  overlying  Paleozoic 
rocks  that  constitute  the  Beartooth  Mountains.  Li  the  eastern  part 
of  the  area  the  dips  are  relatively  steep,  averaging  10°,  but  to  the  west 
and  southwest  they  diminish  to  less  than  half  that  amount,  and  in 
some  areas  the  strata  are  horizontal.  A  local  anticline  appears  on 
Rock  Creek,  near  Roberts,  and  extends  some  distance  southeastward, 
as  shown  in  section  1  on  the  map.  In  the  coal  mines  west  of  Bridger 
the  dip  is  approximately  6°;  west  of  Fromberg  and  near  Joliet  it 
ranges  from  4°  to  5°.  The  structure  of  the  Bridger  coal  is  indicated 
by  contour  lines  on  the  map.  In  the  region  about  Belfry  very  low 
dips  prevail  and  the  strata  are  nearly  horizontal  along  the  lower  por- 
tions of  Wolf  and  Grove^creeks.  In  the  coal  mines  at  Bear  Creek  the 
dips  are  to  the  southwest  at  low  angles,  the  amount  being  3J®  in  the 
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Bear  Creek  Company's  mine  and  9°  at  the  Nelson  mine.  At  the  mine 
in  the  west-central  part  of  section  8,  a  mile  and  a  half  southwest  of  Bear 
Creek,  the  direction  is  S.  18°  W.  and  the  angle  4°.  At  Red  Lodge  the 
coal  beds  dip  toward  the  south  at  an  angle  of  18°  (see  section  on  PI. 
XI,  p.  176),  but  farther  south  this  steep  dip  rapidly  diminishes,  the 
structure  grading  into  a  very  shallow  syncline  in  which  the  strata  are 
horizontal  for  some  distance  and  then  apparently  slightly  upturned 
near  the  fault  at  the  foot  of  the  mountains.  The  strata  dip  at  very 
low  an^es  throughout  T.  8  S.,  R.  20  E.,  but  are  not  upturned  adjacent 
to  the  fault  except  in  the  immediate  vicinity  of  Rock  Creek.  North 
of  Red  Lodge  the  steep  dips  diminish  gradually.  Two  miles  north 
the  rocks  dip  nearly  due  south  at  an  angle  of  12°.  Six  miles  farther 
north  they  pass  over  a  gentle  anticline  and  for  half  a  mile  dip  north- 
ward at  an  angle  of  10°.  Near  Roberts  they  are  horizontal,  and  far- 
ther northeast  they  are  inclined  at  low  angles  to  the  southwest. 

Faults  are  rare  and  only  two  were  observed  in  addition  to  the  great 
fault  south  of  Red  Lodge.  One  traverses  the  Bridger  coal  bed  and 
adjoining  strata  southwest  of  Fromberg.  It  trends  northeast  and 
southwest  and  has  a  downthrow  of  several  hundred  feet  on  the  north 
side.  This  causes  an  offset  of  nearly  a  mile  and  a  half  in  the  outcrop 
of  the  coal  bed  in  the  southeast  comer  of  T.  5  S.,  R.  22  E. 

COAIi  RESOURCES. 

RED   LODGE. 

The  mine  at  Red  Lodge  is  owned  by  the  Northwestern  Improve- 
ment Company.  It  is  in  the  bluff  on  the  east  side  of  Rock  Creek  in 
the  eastern  portion  of  the  village.  The  first  developments  were  made 
in  1887,  three  years  after  coal  was  discovered.  The  original  opera- 
tions were  small,  but  in  1889  they  had  increased  to  6,000  tons  a  year. 
There  are  ten  coal  beds  at  this  place,  and  their  aggregate  workable 
thickness  is  about  85  feet,  including  thin  partings  in  some  of  the  beds. 
The  sections  of  the  principal  beds  are  as  follows: 

Sections  of  coal  beds  at  Red  Lodge. 


COAL  BED  NO.  1. 


Shale. 


Coal 


Ft.    in. 
4 


Shale 2 

Bone  and  coal '. 7 

Coal 6 

Bone 4 

C<ysil 4 

Shale  and  coal 1 

Coal 2  6 

Bone ' 4 

Coal 3  6 

Shale,  black 2 

Sandstone. 


11 


COAL  BED  NO.  IJ. 

Ft.      In. 

Coal,  with  thin  parting 1 

Coal  and  shale 2 

Coal 1 

Shale } 

Coal 8 

Bone J 

Coal 10 

Parting,  thin 

Coal 4 

Shale i 

Coal 5 

Shale.  

4      6 
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Sections  of  coal  beds  at 

COAL  BED  NO.  2. 

Shale.                                            Ft.  In. 

Bone 2 

Coal 6 

Bone  and  coal 4 

Coal,  with  thin  partings  above  cen- 
ter  ^  4 

Shale 3 

Coal,  with  nhale  parting  below  cen- 
ter   2  3 

Shale.  

6  10 

COAL  BED  NO.  3.             Ft.  in. 

Bone G 

Shale 3 

Bone  and  coal 1 

Shale 1 

Coal :.  10 

Shale 1 

Coal J  4 

Shale 1 

C<>al..., 1  2 

Shale 2 

CaxA 2 

Shale (> 

Coal 10 

Shale 1 

Coal 3 

Shale 4 

Coal 1  6 

Shale 1 

Sandstone.  

12 

COAL  BED  NO.  4.              Ft.  In. 

Shale 1 

Coal,  with  four  thin  partings 2  7 

Coal  and  dirt 6 

Coal 2  9 

Bone 3 

Coal 5 

Shale 1 

Coal,  with  three  thin  ])arting8 4  1 

Shale.  

11  8 

COAL  BED  NO.  4J. 

Sandstone.                                   Ft.  in. 

Coal 2 

Shale 1 

C(y&\ 5 

Shale 2 

Coal,  much  sulphur 7 

"Sulphur" 1 

Coal 1  2 

Bone 2 

Coal 2 

Dirt 6 

Shale.  

5  4 


Red  Lodge — Continued. 

i  COAL  BED  NO.  5. 

Shale.                                          Ft.  In. 

Bone 2 

Coal 3  4 

Shale 1 

Coal,  with  one  thin  parting 1  10 

Dirt 5 

Shale 6 

Coal 3 

Bone 1 

Coal,  with  two  thin  partings 2  11 

Sandstone.  

12  4 

COAL  BED  NO.  6. 

Sandstone.  Ft.   in. 

Coal,  with  two  thin  partings 5      6 

Bone 4 

Shale.  

5     10 

Ft.    In. 

6 

5 

1 

3 

1 

...  1       1 

...  3      C 

...  1 

1 
...  1 
...  1     10 


COAL  BED  NO.  8. 

Bone 

Coal 

j  Shale 

,  Coal 

!  Shale 

!  Coal,  with  one  thin  parting. . . 

!  Clay : 

I  Coal 

I  Shale 

Coal 

Clay. 


Coal,  with  three  thin  partings 3 

Bone 1 

j  Coal 1  4 

•  Shale 6 

'  Sandstone 1  4 

'  Coal 3 

I  Bone 2 

Coal 1 

Bone 1 

Coal 10 

V.osX  and  dirt 5 

Coal 4 

Shale 1 

6 

4 

Coal 2  6 

Clay. 


I  Coal. 
'  Clay, 


25      4 

Ft.    In. 
...  1 

10 
8 
5 

Coal 4 

Clay 6 

Sandy  shale 1      6 

Coal,  with  two  2-inch  partings 1      9 

Sandy  shale.  

10     8 


COAL  BED  NO.  9. 

Shale,  black. 

'  Coal 

I  Coal  and  shale 

I  Coal 

I  Bone 
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Beds  Nos.  1,  H,  2,  4,  5,  and  6  are  worked,  but  the  most  extensive 
operations  are  in  bed  4.  One  level  about  half  a  mile  down  the  slope 
runs  eastward  from  the  main  slope  more  than  7,500  feet  and  has  110 
rooms.  There  are  numerous  other  levels  both  east  and  west.  In  bed 
No.  1  there  are  10  rooms,  in  bed  No.  1^31  rooms,  and  in  bed  No.  2  four 
east  and  three  west  levels,  but  some  are  not  being  worked.  The  mine 
is  worked  and  lighted  by  electricity,  generated  by  a  plant  erected  by 
the  company.  It  has  a  steel  tipple  with  a  capacity  of  3,000  tons  a  day, 
revolving  and  shaking  screens,  picking  tables,  gravity  box-car  loader, 
8  spiral  separators,  and  a  600-ton  Luhrig  washer.  About  500  miners 
and  100  outside  men  are  employed.  The  production  in  ten  months 
ending  October.  1906,  was  356,573  short  tons  in  209  working  days. 

BEAR  CREEK  FIELD. 

The  coal  in  the  Bear  Creek  field  has  been  known  for  nearly  twenty 
years,  but  no  mining  was  done  until  1900,  when  the  Montana  Fuel 
and  Iron  Company  opened  a. small  mine  and  hauled  its  product  to 
Red  Lodge  for  shipment.  The  annual  production  was  reported  as 
6,000  tons,  at  $3.30  a  ton.  During  the  last  few  years  the  construction 
of  a  railroad  to  the  field  has  led  to  the  development  of  several  mines, 
and  four  companies  now  have  extensive  holdings.  They  are  the 
Bear  Creek  Coal  Company,  the  Montana  Fuel  and  Iron  Company, 
the  Anaconda  (Amalgamated)  Company,  and  the  Northwestern 
Improvement  Company,  the  last  being  the  owner  of  the  Red  Lodge 
mine.  During  1906  the  Yellowstone  Park  Railroad  was  completed 
from  Bridger  to  the  Bear  Creek  mines,  so  that  the  coal  now  has  an 
outlet  by  way  of  the  branch  of  the  Northern  Pacific  Railway  from 
Bridger. 

The  Bear  Creek  Company  controls  an  area  of  approximately  10,000 
acres.  Its  mines  are  in  the  NE.  |  sec.  6,  T.  8  S.,  R.  21  E.,  about  a  mile 
west  of  the  new  town  of  Bear  Creek.  The  principal  openings  are  in  bed 
No.  2,  having  a  thickness  of  6)  feet,  and  bed  No.  3,  which  yields 
about  10  feet  of  coal.  The  dip  is  to  the  southwest,  at  an  angle  of  3J®, 
and  the  workings  are  mostly  toward  the  north,  so  that  the  mines 
drain  easily.  There  is,  however,  but  little  water  in  them.  In  the 
autumn  of  1906  the  main  gangway  in  bed  No.  2  was  600  feet  long, 
in  bed  No.  3,  1,000  feet,  and  in  bed  No.  4,  200  feet.  The  coal  is  hauled 
in  the  mines  by  electricity,  which  is  generated  in  a  large  power  house 
recently  erected.  It  is  reported  that  in  September  and  October,  1906, 
about  3,000  tons  were  produced  with  a  force  of  75  miners  and  8  outside 
men.  With  the  completion  of  the  tipple  that  was  in  course  of  erection 
in  the  latter  part  of  1906,  a  large  increase  in  the  production  was 
expected. 

The  mine  of  the  Montana  Fuel  and  Iron  Company  is  in  the  NW.  i 
sec.  6,  half  a  mile  west,  or  farther  up  the  valley  than  the  mines  of  the 
Bear  Creek  Company.    It  is  on  bed  No.  2  and  its  main  gangway  rUQS 
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northward  under  the  hillside.  The  coal  bed  is  6)  feet  thick,  with  a 
3-inch  layer  of  bone  6  inches  below  the  top.  The  roof  is  hard  clay 
shale.  A  spur  of  the  railroad  extends  to  the  mine,  which  is  equipped 
with  a  tipple  and  other  facilities  for  handling  the  coal.  From  25  to 
40  men  are  working  in  the  mine. 

A  mine  has  recently  been  b^un  on  the  McCarthy  properties  on  a 
northern  prong  of  Bear  Creek,  in  the  NW.  }  sec.  31  and  the  S.  }  sec.  36. 
The  opening  is  in  bed  No.  2,  which  yields  6  feet  or  more  of  clean  coal. 

The  following  measurements  of  the  coal  beds  in  the  Bear  Creek  mines 
were  made  by  J.  P.  Rowe  in  the  summer  of  1906: 


Sections  of  coal  beds  in  Bear  Creek  mines. 


COAL  BED  NO.  3 

Shale. 

Coal 

Parting,  thin. 

Coal 

Bone 

Coal 

Clay 

Coal 

Fire  clay. 


COAL  BED  NO.  4. 


Ft.    in. 
1      5 

1  4 

2i 

2  7i 
8 

1      7J 


7    lOi 


Sandstone. 

Coal,  dirty 

Coal 

Bone 

Coal 

Clay,  4    inches, 
on  sandstone. 


Ft.   in. 

2 
.  1     9J 

3i 
.  1     5i 


COAL  BED  NO.  5. 

[150  feet  in  from  mouth  of  en- 
try.! 

Clay. 


Coal.... 

Clay.... 

Coal.... 

Clay. 


Ft.    lo. 
.  3      5 
7 
10 


3    8} 


4    10 


NELSON  MINE. 


The  Nelson  mine  is  a  small  opening  on  the  south  side  of  Taggart 
Gulch,  in  the  SE.  \  sec.  20,  T.  8  S.,  R.  21  E.,  3  miles  south  of  Bear 
Creek.  It  is  worked  entirely  by  hand,  and  furnishes  a  small  but 
steady  product  which  is  hauled  to  neighboring  ranches.  The  coal  is 
slightly  more  than  4  feet  thick,  with  a  few  inches  of  clay  parting  in  the 
middle.     The  dip  at  the  Nelson  mine  is  S.  55°  W.  at  an  angle  of  9^. 


Section  at  Nelson  mine,  3  miles  south  of  Bear  Creek. 


Ft.      In. 


G)al. 
Clay 
Coal. 
Clay. 
Coal. 


2 
2 


6 

3-8 
6 


BRIDGER  MINES. 


The  mines  of  the  Bridger  Coal  and  Improvement  Company  are  in 
the  sandstone  ridge  a  mile  northwest  of  Bridger,  the  opening  being  in 
the  SW.  i  SW.  J  sec.  17.  The  mines  are  connected  by  a  long  spur 
with  the  branch  of  the  Northern  Pacific  Railway.  They  were  opened 
in  1897,  and  the  main  entry  now  has  a  length  of  about  3,000  feet.  The 
beds  dip  to  the  southwest  at  an  angle  of  6°,  and  the  main  entry  is 
down  the  slope  to  the  west-southwest.  The  coal  bed  is  from  4}  to  5 
feet  thick,  and  consists  of  about  2^  feet  of  coal  at  the  base  and  a  foot 
or  more  at  the  top,  separated  by  a  parting  of  shale,  clay,  and  bone 
which  averages  8  inches,  but  in  places  increases,  to  more  than  2  feet  in 
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thickness.  The  lower  coal  is  generally  the  better.  In  the  south- 
western workings  the  upper  coal  is  21  inches  thick,  the  parting  12 
inches,  and  the  bottom  bench  2  feet,  but  the  latter  is  partly  bony. 
About  80  miners  and  25  outside  men  are  employed,  and  the  product 
is  about  150  tons  a  day.  In  the  first  ten  months  of  1906,  with  220 
working  days,  the  output  was  35,000  short  tons.  The  coal  is  worked  by 
the  long-wall  system  and  undercut  by  eight  electric  link-belt  machines. 
The  coal  is  hoisted  up  the  incline  and  carried  on  a  trolley  line  nearly 
three-fourths  cf  a  mile  to  the  tipple.  About  20  per  cent  is  screened 
out  and  the  screenings  are  used  for  fuel  for  an  extensive  electric  plant 
operated  by  the  company.  This  plant  has  two  dynamos  which  run  a 
250-horsepower  hoist,  trolley  line,  pumps,  a  30-horsepower  fan,  the 
town  lights,  and  a  60-horsepower  pump.  The  tipple  is  equipped  with 
all  conveniences,  including  a  steam  box-car  loader. 

McCarthy  mine. 

The  McCarthy  mine  is  in  section  19,  a  mile  south  of  west  from  From- 
berg,  and  the  coal  is  hauled  in  wagons  to  the  railroad  at  that  place. 
The  section  of  the  coal  bed  is  as  follows: 

Section  of  Bridger  coal  bed  at  McCarthy  mine,  near  Fromberg, 

Bone  and  coal.                                                                             Ft.  in. 

Coel 2 

Shale 2 

Coal 2  10 

5 

The  parting  changes  to  coal  in  places.  The  beds  dip  gently  south  of 
west  and  the  main  gangway  runs  northward,  so  that  there  is  a  slight 
descent  to  its  mouth.  Twelve  miners  are  employed  and  three  outside 
men  dump  the  coal  over  screens  into  wagons.  In  the  first  ten  months 
of  1906  the  mine  worked  250  days  and  produced  9,000  tons  of  coal. 

GBBO  MINE. 

The  Gebo  mine  is  a  short  distance  west  of  Grebo,  and  is  connected 
with  the  branch  line  of  the  Northern  Pacific  Railway  by  a  spur  from 
Fromberg.    The  section  of  the  coal  bed  is  as  follows: 

Section  of  Bridger  coal  bed  at  Gebo  mine. 

Shale.                                                                                           Ft.  in. 

Coel 2  3 

Bone 2 

Coal 3  3 

5    8 

The  beds  dip  4°  to  5®  SW.  and  the  workings  are  so  arranged  as  to 
afford  gravity  drainage.  The  present  extent  of  the  workings  is  about 
900  feet.  Forty-five  men  are  employed  in  the  mine  and  twelve  out- 
side, and  the  product  is  about  200  tons  a  day.  The  tipple,  which  is  of 
steel,  is  nearly  a  mile  from  the  opening.  Electric  power  is  used  for 
tram,  hoisty  drilling,  and  ventilation. 

9411— BolL  816--<Kr 13 
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JOLIET. 

The  Bergen  mine,  belonging  to  the  Joliet  Coal  and  Fuel  Coinpanyy 
is  in  the  NE.  J  NW.  i  sec.  35,  T.  4  S.,  R.  22  E.,  2 J  miles  westof  south 
of  Joliet.    The  section  of  the  coal  bed  in  this  mine  is  as  follows: 

Section  of  Bridger  coal  bed  at  Bergen  mine. 

Sandstone.  Ft.  In. 

Coal  and  bone 1  2 

Shale 8 

Coal 1 

Bone 6 

Coal 2  2 

5    6 

The  bone  and  shale  afford  a  very  satisfactory  roof.  The  beds  dip 
southwest,  and  the  main  entry,  which  runs  westward,  is  about  600 
feet  long.  A  small  force  is  employed,  and  the  output  is  from  40  to  50 
tons  a  day  in  winter  and  15  tons  in  summer.  Most  of  the  coal  is 
hauled  by  wagon  to  Joliet  and  to  Wilsey  station,  but  a  small  amount 
is  sold  at  the  mine  for  $2.50  a  ton. 

Two  other  small  mines  a  mile  and  a  half  south  of  Joliet  are  worked 
intermittently.  They  have  about  2  feet  of  coal  at  base,  which  is  said 
to  contain  26  to  27  per  cent  of  ash.  Several  years  ago  a  mine  was 
worked  on  the  south  bank  of  Rock  Creek,  a  mile  above  Joliet,  but  it  is 
now  fallen  shut  and  a  section  could  not  be  obtained.  Doubtless  the 
coal  bed  is  similar  to  that  in  the  mines  above  described.  A  small 
mine  was  once  operated  a  mile  north  of  Joliet  in  which  the  Bridfiier  bed 
is  about  4  feet  thick,  but  not  of  satisfactory  quality. 

CARBONADO. 

Several  years  ago  a  large  shaft  was  sunk  at  Carbonado  station  to 
reach  the  Bridger  coal  bed.  A  preliminary  drill  hole  was  bored, 
which  gave  promise  of  a  thick  bed,  but  in  the  shaft  the  coal  has  a 
thickness  of  4  feet  with  a  parting,  and  occurs  at  a  depth  of  about  980 
feet.  The  enterprise  belonged  to  the  late  Marcus  Daly  and  was 
equipped  for  extensive  workings.  A  very  large  amount  of  water  was 
encountered,  and  as  the  bed  was  not  satisfactory  the  project  was 
abandoned. 

CHTEMTCAIi   C0MP08ITI0X   OF   THE   COAIi. 

The  composition  of  the  Red  Lodge,  Bear  Creek,  and  Bridger  coals  is 
shown  by  the  following  analyses  made  at  the  Geological  Survey  fuel- 
testing  plant  at  St.  Louis.  This  table  shows  the  analysis  of  each 
sample  as  received  and  also  after  air  drying.  The  former  generally 
contains  more  moisture  than  the  commercial  coal,  and  the  lattor 
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probably  shows  less.  For  purposes  of  comparison,  however,  the  anal- 
ysis of  the  air-dried  sample  should  be  used.  The  samples  for  analysis 
were  obtained  by  making  a  cut  from  roof  to  floor  of  the  coal  bed, 
excluding  partings. 

Analyses  of  coal  samples  from  Carbon  County  ^  Mont. 


Labon 

Red  Lodge. 

atory  No 

3500. 

3592. 

3588. 

3505. 

3591. 

3503. 

3594. 

Analyi 

sis  of  sample  as  received : 

Moisture 

11.69 

36.14 

40.19 

11.98 

1.05 

5.26 

55.46 

1.20 

25.05 

5,437 
9,787 

14.07 

33.46 

42.51 

9.96 

2.05 

11.26 
34.08 
43.26 
11.40 
1.14 

11.33 
34.22 
44.04- 
10.41 
1.50 

11.22 
36.43 
45.38 
6.97 
.   .83 

10.38 
35.98 
40.62 
13.02 
1.89 

10.55 

K 

Volatile  matter 

36.39 

£ 

Fixed  carbon 

43.02 

Pk 

lAsh 

10.04 

Sulphur 

2.23 

• 

1yd  rogen 

Carbon 

1 

........I................ 

^ 

Nitrogen 

1 1 

Oxygen 

1 , 

Calori 
Ca 

)c  value  determined: 

lories 

1 

Bi 
Losso 

Analy 

itish  thermal  units 

i 1 

>f  moisture  on  air  drying 

4.70 

5.60 

4.00 

4  40 

4.00 

4.20 

3.90 

sis  of  air-dried  sample: 

[Moisture 

7.34 
37.92 
42.17 
12.57 

1.10 

4.97 
58.20 

1.26 
21.90 

5,705 
10,269 

8.97 
35.45 
45.03 
10.55 

2.17 

7.57 
35.50 
45.06 
11.87 

1.18 

7.25 
35.80 
46.06 
10.89 

1.66 

7.52 
37.94 
47.28 

7.26 
.86 

6.45 
37.56 
42.40 
13.50 

1.97 

6.92 

K 

V  olatile  matter 

37.87 

£• 

Fixed  carbon 

44.77 

PL| 

10.44 

\Sulphur 

2  32 

• 

H  yd  r(^n '. 

Carbon 

. 

1 

D 

Nitrogen 

Oxygen 

Calori 
Ca 

flc  value  determined: 

»lorics 

........ 

Bi 

1 

1 

1 

Bear  Creek. 

Bri 

dger  field. 

Labor 

atory  No 

3620. 

4007. 

4008. 

3955. 

3956. 

Analyi 

sis  of  sample  as  received: 

Moisture 

10  05 

37.22 

46.71 

6.02 

1.44 

5.41 

50.04 

1.40 

26.09 

6,219 
11.194 

8.97 
36.11 
43.18 
11.74 

3.02 

9  60 

36  88 

47  10 

6.42 

2.35 

8.47 

31.47 

41.88 

18.18 

.84 

8.70 
34  03 
49. 07 

8.20 
.63 

8.93 

g 

Volatile  matter 

33.43 

£ 

Fixed  carbon 

46. 92 

P^ 

lAsh 

10.72 

Sulphur 

.61 

• 

lydrogen 

Carbon 

' 

u 

Nitrogen 

Oxygen 

Caloril 
Ca 

9c  value  determined: 

lories 

Bi 
Lossc 
Analy 

itish  thermal  units 

»f  moisture  on  air  drying 

2.00 

2  10 

2  60 

3.20 

3.10 

3  60 

sis  of  alr-drted  sample: 
Moisture 

8  21 

37.98 

47.07 

6.14 

1.47 

5.30 

60.8b 

1  43 

24.80 

6.346 
11,422 

7.02 
36.88 
44.11 
11.99 

3.08 

7.19 

37.86 

48.36 

6.50 

2.41 

5.44 

32.51 

43.27 

18.78 

.87 

5.78 
35.12 
50.64 

8.46 
.65 

5.53 

g 

Volatile  matter 

.34.68 

o. 

Fixed  carbon. 

48  67 

(^ 

jAsb 

11.12 

nSulpbur 

.63 

m 

Hydrogea 

Carbon. 

P 

Nitrogen 

Oxygen 

Calorii 
Ca 

Be  vaTue  determined: 
Jone* 

Bi 

'ittsb  thermaJ  units 

1 

Sample  with  laboratory  No.  3590  was  from  bed  No.  l;  3592.  bed  No  1):  :i588.  bed  No.  2:  3.595  and 
3501,  bed  No. 4:  3S0S,  bed  No.  5:  3594.  bed  No.  6;  3620.  bed  No.  2.  1  mile  northwest  ot  Bear  Creelc:  4007, 
from  Foster  Goldi  a  mile  farther  west;  4006,  from  Taggart  Gulch;  3955  and  3956.  west  of  Bridger;  and 
3054,  a  mile  MHiUnreft  of  Fromberg. 


THE  COAL  FIELDS  OF  PARTS  OF  DAWSON,  ROSEBUD, 

AND  CUSTER  COUNTIES,  MONT. 


By  A.  G.  Leonard. 


I.OCATION  AND  EXTENT. 

The  Dawson-Rosebud-Custer  County  coal  district  forms  part  of 
a  larger  area  which  includes  the  greater  portion  of  eastern  Montana, 
most  of  the  western  half  of  North  Dakota,  and  the  adjoining  parts 
of  South  Dakota  and  Wyoming;  it  also  extends  northward  into 
Canada.  Coal  is  known  to  occur  as  far  west  as  Bighorn  and  Mussel- 
shell rivers  in  Montana  and  the  Bighorn  Mountains  in  Wyoming. 
In  South  Dakota  the  lignite  is  mostly  confined  to  Butte  County, 
in  the  northwest  comer.  Farther  west  in  Wyoming  the  field  extends 
southward  in  a  tonguelike  area  between  the  Black  Hills  and  Bighorn 
Mountains  for  more  than  150  miles  to  North  Platte  River  and  includes 
parts  of  Sheridan,  Johnson,  Crook,  Weston,  and  Converse  coimties. 
The  area  measm*es  about  350  miles  in  an  east-west  direction,  and 
at  its  widest  part  a  greater  distance  in  a  north-south  direction.  It 
contains  approximately  100,000  square  miles  and  is  equal  to  the 
area  of  Colorado  or  more  than  twice  the  area  of  New  York  State. 

The  coal  of  this  great  field  ranges  in  quality  from  brown,  woody 
lignite  in  the  eastern  part  to  black,  shining  subbituminous  *»  coal  in 
the  western  part.  The  transition  from  one  to  the  other  occurs  near 
the  eastern  boundary  of  Montana,  so  in  a  general  way  the  lignites 
are  confined  to  North  and  South  Dakota  and  the  subbituminous 
coal  to  Montana  and  Wyoming. 

That  portion  of  the  field  which  is  described  in  this  brief  preliminafy 
report  includes  parts  of  Dawson,  Rosebud,  and  Custer  coimties, 
Mont.  Custer  County  occupies  the  southeast  comer  of  the  State; 
Rosebud  County  is  immediately  west  of  it;  and  Dawson  Coimty, 
which  borders  the  other  two  on  the  north,  lies  almost  wholly  between 
Yellowstone  and  Missouri  rivers.  The  field  work  was  confined 
largely  to  Dawson  County,  but  included  the  portion  of  Custer  and 
Rosebud  counties  lying  north  and  west  of  Yellowstone  River  and 
a  small  area  south  of  the  river  in  the  vicinity  of  Miles.     The  route 

traversed  by  the  field  party  is  shown  on  PI.  XII. 

»  — I — , 

a  The  name  subbituminous  bas  recently  been  adopted  by  the  United  States  Geological  Sunrqr  for 
the  class  of  coal  above  the  brown  lignites  and  below  the  bituminous  coals— the  class  generally  ( 
'*  black  lignite." 
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SURFACE    FEATURES. 

The  greater  part  of  the  region  may  be  characterized  as  a  rolling 
plain,  although  there  are  extensive  tracts  of  exceedingly  rough  bad- 
lands along  Missouri  and  Yellowstone  rivers  and  many  of  their 
tributaries.  One  of  the  largest  of  these  badlands  areas  includes  the 
22  townships  of  Custer  and  Rosebud  counties  lying  north  of  Yellow- 
stone River.  Another  similar  area,  which  is  almost  too  rough  to  be 
traversed,  occupies  a  broad  belt  on  the  south  side  of  Missouri  River, 
west  of  the  mouth  of  Big  Dry  Creek,  in  northwestern  Dawson  County. 
Aside  from  these  and  similar  smaller  tracts  the  region  as  a  whole  is 
a  wide-stretching,  rolling  prairie. 

Big  Sheep  Mountain  and  Little  Sheep  Mountain,  in  southern 
Dawson  County,  are  the  highest  points  in  the  divide  separating  the 
drainage  basin  of  the  Missouri  from  that  of  the  Yellowstone.  These 
so-called  ''mountains,"  with  bare  clay  sides,  rise  abruptly  150  feet 
above  the  gentle,  grass-covered  slopes  of  the  divide  and  form  a 
conspicuous  landmark,  which  may  be  seen  from  a  great  distance. 
Cedar,  Cherry,  and  Custer  creeks,  tributaries  of  the  Yellowstone, 
are  rapidly  extending  their  valleys  by  headward  erosion  and  en- 
croaching on  the  upper  branches  of  Redwater  River  and  other 
tributaries  of  the  Missouri. 

Southeast  of  Miles,  5  or  6  miles  back  from  the  river,  the  Pine  Hills 
rise  700  feet  above  the  Yellowstone.  The  elevation  of  the  divide 
between  the  Yellowstone  and  the  Missouri  is  likewise  about  700  feet 
above  those  streams.  The  broad  valleys  of  these  two  rivers  form 
natural  highways  followed  by  the  railroads  and  wagon  roads.  The 
country  lying  between  them  is  well  drained  by  numerous  streams,  all 
but  the  larger  of  which  run  dry  during  the  summer.  The  two  most 
important  are  Big  Dry  and  Redwater  creeks,  both  tributaries  of 
the  Missouri.  The  creeks  flowing  into  the  Yellowstone  are  much 
shorter  and  include  Sunday,  Custer,  Cherry,  Cedar,  and  Bad  Route 
creeks.  Little  Dry  and  Timber  creeks  are  important  tributaries  of 
Big  Dry  Creek.     (See  PI.  XII.) 

STRATIGRAPHY. 

PIERRE   SHALE. 

The  lowest  member  of  the  Montana  group  is  the  Pierre  shale, 
which  imderlies  the  coal-bearing  beds  and  appears  at  the  surface 
at  a  number  of  localities  within  this  field.  One  of  these  is  on  the 
Yellowstone,  12  miles  above  Glendive,  at  the  mouth  of  Cedar  Creek 
and  extending  downstream  as  far  as  Iron  BluflF.  The  shale  is 
brought  to  the  surface  by  an  anticlinal  fold  and  the  dipping  beds  on 
the  southwestern  flank  of  the  fold  can  be  seen  on  both  sides  of  the 
river.     The  dip  is  20°  S.  52°  W.  and  the  strike  is  N.  38°  W.     The 
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dark-gray  jointed  shale  contains  numerous  concretions  of  impure 
limestone,  many  of  them  rich  in  fossils.  The  following  forms  were 
identified  by  T.  W.  Stanton: 


Avicula  nebrascana  M.  and  H. 
Avicula  linguseformis  E.  and  S. 
InooeramuB  sagensis  Owen. 
Inoceramus  cripsi  var.  barabini  Morton. 
Modiola  meeki  E.  and  S. 
Veniella  subtumida  M.  and  H. 
Callista  deweyi  M.  and  H. 
Anchura  americana  E.  and  S. 
Uaminea  occidentalis  M.  and  H. 
Pyrifusns  newborryi  M.  and  H. 
Lunatia  concinna  M.  and  H. 
Scaphites    nodosus    var.    quadrangularis 

M. and  H. 
Scaphites  nodoeus  Owen  vara,  brevis  and 

plenus. 


Limopsis  parvnla  M.  and  H. 
Yoldia  evansi  M.  and  H. 
Lucina  subundata  M.  and  H. 
Protocardia  subquadrata  £.  and  S. 
Dentalium  gracile  M.  and  H. 
Vanikon)  ambigua  M.  and  H. 
Margarita  nebrascensiB  M.  and  H. 
Fasciolaria  (Piestocheilus)  culbertaoni  M. 

and  H. 
Baoulites  ovatiiB  Say. 
NautUus  dekayi  Norton. 
Chlamys  nebrascensis  M.  and  H. 


Along  the  extreme  eastern  edge  of  Custer  County  and  continuing, 
across  the  line  into  North  Dakota  is  another  area  of  Pierre  shale 
which  forms  a  belt  extending  many  miles  north  and  south  on  either 
side  of  the  boundary.  This  shale  also  contains  many  calcareous  con- 
cretions filled  with  fossils.  The  beds  are  well  exposed  on  Little 
Beaver  Creek,  about  6  miles  above  its  mouth,  in  sees.  23  and  24, 
T.  132  N.,  R.  107  W.,  Bowman  County,  N.  Dak.  From  this  locality 
the  following  fossils  were  collected : 


Ostrea  pellucida  M.  and  H. 
Avicula  linguceformis  P3.  and  S. 
Inoceramus  cripsi  var.  barabini  Morton. 
Chlamys  nobnisccnsis  M.  and  II. 
Yoldia  evansi  M.  and  II. 
Nucula  cancellata  M.  and  II. 
Lucina  occidentalis  Morton. 
Protocardia  subquadratu  E.  and  S. 
Callista  deweyi  M.  and  H. 
Lunatia. 


Anifiomyon  patelliformis  M.  and  H. 
Margarita  nebrascensis  M.  and  H. 
Fasciolaria?    (Cryptorhytis)    flexicostata 

M.  and  H. 
Pyrifuflus. 

Uaminea?  occidentalis  M.  and  H. 
Scaphites  nodoeus  Owen  var.  brevis  and 

plenus. 
Nautilus  dekayi  Morton. 


It  is  probable  that  the  anticline  so  well  shown  on  the  Yellowstone 
has  affe.cted  a  wide  area,  since  ammonites  and  other  marine  fossils 
are  reported  to  occur  on  Cedar  Creek  8  or  10  miles  above  its  mouth 
and  also  many  miles  to  the  southeast  on  Cabin  Creek.  The  Pierre 
shale  thus  extends  a  considerable  distance  toward  the  are^  on  Little 
Beaver  Creek,  and  the  anticline,  if  continued  in  the  direction  of  the 
strike  of  the  beds  (S.  38°  E.),  would  include  the  latter  area.    The 
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Pierre  shale  exposed  at  the  two  localities  is  therefore  probably 
brought  to  the  surface  by  the  same  uplift  and  the  two  areas  of  out- 
crop are  perhaps  continuous. 

There  are  extensive  outcrops  of  the  Pierre  shale  in  northwestern 
Dawson  County,  where  the  beds  are  exposed  along  the  Missouri  and 
its  tributaries.  Southeast  of  Glasgow,  at  the  mouth  of  Big  Dry  Creek, 
the  shale  in  the  river  bluffs  rises  200  feet  above  water  level.  No  fos- 
sil-bearing calcareous  concretions  were  observed  at  this  point, 
although  search  was  made  for  them,  but  otherwise  the  beds  show  all 
the  characteristics  of  the  Pierre.  The  shale  was  also  observed  on 
Hell  Creek,  a  southern  tributary  of  the  Missouri,  which  empties  into 
the  river  about  20  miles  above  the  mouth  of  Big  Dry  Creek.  At  this 
place  the  shale  has  a  thickness  of  at  least  150  feet  above  creek  level 
and  contains  calcareous  concretions,  with  numerous  fossils,  among 
which  ammonites  and  baculites  are  most  common. 

In  the  extreme  southeast  comer  of  Custer  County,  as  the  result  of 
the  Black  Hills  uplift,  the  Pierre  shale  outcrops  over  an  area  of  con- 
siderable extent,  overlying  the  Benton  and  Niobrara  formations, 
which  also  appear  at  the  surface. 

FOX  HILLS  FORMATION. 

The  Fox  Hills  formation,  lying  above  the  Pierre,  is  the  uppermost 
formation  of  the  Montana  group  and  the  most  recent  of  the  marine 
Cretaceous  strata.  The  relation  of  these  beds  to  the  Pierre  below  and 
the  overlying  rocks  is  well  shown  on  Hell  Creek,  a  tributary  of  the 
Missouri  in  northwestern  Dawson  County.  In  the  section  exposed 
along  the  sides  of  the  deep  valley  of  this  creek,  lying  above  the  dark- 
gray  shale  with  its  concretions  filled  with  Pierre  fossils,  are  100  feet  of 
clay  and  sandstone  that  are  believed  to  belong  to  the  Fox  Hills.  The 
formation  is  composed  largely  of  light-gray  to  buff,  more  or  less 
sandy  clay,  with  some  layers  of  nearly  pure  sand.  About  8  feet  below 
the  top  there  is  a  rather  persistent  bed  of  fine-grained  yellow  sandstone 
with  a  thickness  of  1 1  feet.  The  beds  as  a  whole  are  lighter  in  color 
and  more  sandy  than  the  Pierre  shale.  Mr.  Bamum  Brown,  in  con- 
versation with  the  writer,  reports  that  they  contain  few  fossils,  but 
those  that  have  been  foimd  were  identified  as  probably  belonging  to 
the  Fox  Hills. 

In  the  Glendive  region  there  are  no  beds  above  the  marine  Pierre 
that  correspond  to  the  supposed  Fox  Hills  clay  and  sandstones  of  Hell 
Creek.  In  fact,  the  line  of  contact  between  the  Pierre  and  the  over- 
lying dinosaur-bearing  beds,  while  not  discordant  so  far  as  structure  is 
concerned,  may  possibly  represent  a  time  break  in  which  most  of  the 
upper  fresh-  and  brackish-water  beds  of  the  Cretaceous  are  wanting. 
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DINOSAUR-BEARING    BEDS. 

Heretofore  all  the  beds  above  the  marine  Pierre  shale  have  been 
regarded  as  belongmg  to  a  smgle  formation  which  carries  the  lignite 
and  subbitmninous  coal  beds  of  this  field  These  rocks  have  been 
called,  at  various  times,  ''Laramie"  and  "  Fort  Union/'  on  the  suppo- 
sition that  they  composed  but  a  single  formation.  The  work  of  the 
last  year,  however,  has  shown  that  at  Glendive  the  rocks  above  the 
Pierre  shale  apparently  comprise  two  formations  which  seem  to  be 
reasonably  separate  and  distinct,  and  that  the  upper  formation  only 
carries  beds  of  lignite.  The  lower  beds  are  well  exposed  between 
Glendive  and  Iron  Bluff,  where  the  following  section  was  measured: 

Section  of  rocks  at  Iron  Bluff  and  vicinity, 

8.  Coal  bed,  burned,  but  probably  6  feet  thick.  ''«t. 

7.  Shale  with  a  few  thin  beds  of  sandstone;  abundant  collection  of  fossil  plants  in 

sandstone  bed  20  feet  from  base 150 

6.  Sandstone,  massive,  gray 40 

5.  Shale  and  sandstone;  a  few  fossil  plants  at  base 160 

4.  Sandstone,  white,  massive;  most  prominent  stratum  in  the  region >.     35 

3.  Sandstone,  brown,  fossil  leaves  in  bottom  part;  forms  summit  of  Iron  Bluff. . .     75 

2.  Shale  and  sandstone;  fossil  leaves  in  upper  20  feet 75 

1.  Shale,  dark,  Pierre,  with  limestone  concretions  containing  abundant  marine 

fossils;  exposed  to  river  level. . . , 100 

635 

As  noted  in  the  section,  fossil  leaves  were  found  at  three  horizons. 
The  uppermost  location  (No.  7)  is  about  400  feet  above  the  Pierre,  and 
from  this  was  obtained  a  fair  collection  of  fossil  plants  which  Biiowlton 
regards  as  representing,  approximately,  the  base  of  the  Fort  Union 
formation.  The  fossils  obtained  75  to  100  feet  above  the  Pierre  (Nos. 
2  and  3) ,  as  well  as  those  from  slightly  higher  horizons,  were  meager 
and  not  well  preserved,  so  that  their  identification  was  difficult;  they 
are,  however,  regarded  by  Knowlton  as  not  Laramie,  but  possibly 
corresponding  to  the  Livingston  formation  of  the  central  part  of  the 
State,  though  showing  decided  Fort  Union  affinities.  The  beds  are 
strikingly  similar  to  the  dinosaur-bearing  beds  on  Hell  Creek  and 
presxmfiably  they  are  identical. 

If  the  lowest  principal  coal  bed  is  taken  as  the  base  of  the  Fort 
Union,  then  the  dinosaur-bearing  beds  are  485  feet  thick.  If,  how- 
ever, the  fossils  found  near  the  base  of  No.  7  are  indicative  of  the  base 
of  the  Fort  Union,  as  thought  by  Knowlton,  then  the  thickness  of  the 
dinosaur-bearing  beds  is  only  about  400  feet. 

Perhaps  the  most  favorable  locality  for  the  study  of  the  dinosaur- 
bearing  formation  is  the  one  already  mentioned,  in  northwestern 
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Dawson  County  in  the  valley  of  Hell  Oeek.     The  section  exposed 
there  is  as  follows: 

Section  on  Bell  Creek. 

Ft.  In. 

7.  Clay  and  sand,  light  colored,  light  gray  to  buff;  contains  some  maasive 
sandstone  and  beds  of  coal  2  to  II  feet  thick;  many  fossil  leaves  charac> 
teristicof  the  Fort  Union  are  present;  exposed  to  top  of  the  ridges 115 

6.  Clay  and  sand,  similar  in  appearance  to  No.  4,  but  have  yielded  no  dino- 
saur bones 100 

5.  Coal,  persistent;  has  been  traced  a  distance  of  25  miles 6  2 

4.  Clay  and  sand,  mostly  dark  gray  in  color,  with  many  brown,  carbonaceous 
layers  and  some  beds  of  coal.  Two  fairly  persistent  sandstone  hori zons, 
the  lower  about  15  feet  and  the  upper  about  20  feet  thick,  with  30  to  40 
feet  of  clay  between.  These  sandstones  contain  many  large  brown 
sandstone  concretions.  The  beds  yield  dinosaur  bones,  such  as  Tri- 
ceratopSj  ClaosaunUy  and  T}franno»awru»;  also  carry  the  remains  of 
crocodiles,  Campsosaturus^  turtles,  and  ganoids,  together  with  a  few 
small  mammal  teeth 21(^260 

3.  Sandstone  at  the  base  of  the  dinosaur-bearing  beds.  Coarse  grained  and 
rather  soft;  characterized  by  its  massiveness,  absence  of  irregularity  of 
bedding,  the  great  number  of  large  sandstone  concretions,  and  its  cross 
lamination;  yellow  or  brown  in  color.  Likewise  contains  dinosaur 
bones 50-100 

2.  Clay,  more  or  less  sandy,  and  with  some  sandstone,  light  gray  to  buff,  Fox 

Hills  (?) 100 

1.  Shale,  Pierre,  dark  gray,  with  fossiliferous,  calcareous  concretions  near 

the  top;  exposed  above  creek,  about 150 

It  will  be  seen  from  the  above  section  that  in  this  region  between 
the  top  of  the  Fox  Hills(?)  and  the  base  of  the  Fort  Union,  with  its 
abundant  and  varied  flora,  there  are  only  400  feet  of  the  dinosaur- 
bearing  strata,  even  including  the  beds  of  No.  6,  the  age  of  which  is  not 
wholly  beyond  question. 

In  many  places  in  northwestern  Dawson  County,  particularly 
along  the  streams  flowing  into  the  Missouri,  and  in  the  badlands  of  the 
region,  the  dinosaur-bearing  beds  and  overlying  Fort  Union  are  well 
exposed.  At  the  head  of  Crooked  Creek,  which  flows  northward  into 
the  Missouri  a  few  miles  below  Hell  Creek,  the  following  section  was 
measured,  beginning  near  the  base  of  the  Fort  Union  formation: 

Section  on  Crooked  Creek. 

Ft.    In. 

46.  Sand,  yellow,  with  sandstone  concretions  to  top  of  ridge 14 

45.  Clay,  gray 4 

44.  Sand,  gray 5    6 

43.  Sandstone  yellow,  persistent  ledge 2-4 

42.  Sand,  fine,  incoherent,  yellow  and  gray 19 

41.  Clay,  sandy,  gray 4 

40.  Clay  shale,  brown 1 

39.  Clay,  gray 4 
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Ft.     In. 

38.  Clay,  brown 1      3 

37.  Clay,  gray 1 

36.  Clay  shale,  brown,  carbonaceous 6 

36.  Cool 3 

34.  Clay,  gray,  with  plant  stems 2 

33.  Coal,  impure;  contains  clay 1      8 

32.  Clay,  gray,  changing  into  brown  above 1 

31.  Sand,  fine,  argillaceous,  yellow  and  gray 27      6 

30.  Coal,  impure,  and  with  seams  of  sand;  this  bed  is  continuous  over  a  laige 
area  and  forms  a  well-marked  horizon  90  to  100  feet  below  the  top  of  the 

dinosaur-bearing  beds 5      6 

29.  Clay,  brown,  carbonaceous 1      6 

28.  Clay,  gray 10 

27.  Sand,  fine,  argillaceous,  yellow,  gray,  shows  cross  lamination 13 

26.  Sand,  coarse,  gray 18 

25.  Clay  shale,  brown  to  black,  carbonaceous 1      3 

24.  Clay,  gray,  sandy 11 

23.  Clay,  brown,  carbonaceous,  with  several  beds  of  coal,  one  28-inch  bed  at 

top 10 

22.  Clay,  gray 2      6 

21.  Clay,  more  or  less  sandy,  gray  and  yellow  in  alternating  bands 1      6 

20.  Coal,  impure,  with  three  seams  of  sand 3      4 

19.  Clay,  brown,  carbonaceous 1 

18.  Clay,  gray,  crumbles  into  flakes 2 

17.  Sand,  ineoherent,  yellow 1      6 

16.  Clay,  gray 1      6 

15.  Sand,  gray 5 

14.  Clay,  brown,  carbonaceous 1      6 

13.  Clay,  gray 2      6 

12.  Clay,  brown,  carbonaceous 1      2 

11.  Clay,  sandy,  light  gray 5      6 

10.  Concretionary  layer,  brown,  ferruginous 10 

9.  Clay,  sandy,  gray 5 

8.  Clay,  brown,  sandy 2      6 

7.  Clay,  gray 2 

6.  Clay,  brown,  carbonaceous 1 

5.  Clay,  sandy,  gray 24 

4.  Sand,  brown  and  yellow 6 

3.  Sand ,  gray 5 

2.  Clay,  gray 2 

1.  Clay,  gray,  sandy 7 


245    3 


Throughout  the  badlands  which  border  the  Missouri  on  the  south, 
for  a  distance  of  over  50  miles  above  the  mouth  of  Big  Dry  Creek,  the 
dark-colored  dinosaur-bearing  beds,  with  many  brown,  carbonaceous 
layers,  are  overlain  by  the  Fort  Union. 


FORT   UNION    FORMATION. 


This  formation  presents  a  strong  contrast  to  the  underlying  beds  in 
this  region  and  is  readily  distinguished  by  the  light-gray  and  buff  color 
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of  its  beds.  The  Fort  Union  contains  thick  beds  of  Ugnite  and  subbi- 
tuminous  coal,  but  brown  carbonaceous  clays  seem  to  be  rare.  The 
sandstones  of  the  formation  abound  in  plants,  which  are  exceedingly 
scarce  in  the  underlying  beds,  but  the  latter  contain  jlinosaur  bones, 
as  already  stated,  which  are  not  found  in  the  overlying  Fort  Union 
strata. 

The  following  is  a  partial  list  of  the  plants  collected  from  the  Fort 
Union  of  this  region  and  identified  by  F.  H.  Knowlton: 

Onoclea  eensibilis  fossilis  Newb. 


Populus  cuneata  Newb. 
Leguminofiites  arachioides  Lesq. 
Celastrus  pteroepermoides  Ward. 
Populus  amblyrhyncha  Ward. 
Populus  daphnogeDoides  Ward. 
Populus  arctica  Heer  (as  identified  by  Les- 

quereux). 
Populus  smilacifolia  Newb. 


Populus  nebrascensis  Newb. 

Populus  genatrix  Newb. 

Populus  specioea  Ward. 

Cocculufl  Haydenianus  Ward. 

Platanus  Haydenii  Newb. 

Platanus  nobilis  Newb. 

Sequoia  Nordenskidldii?  Heer. 

Thuja  intemipta  Newb. 

Glyptoetrobus  europseus  (Brongn.)  Heer. 


In  the  vicinity  of  Miles,  100  miles  to  the  south,  the  plants  collected 
from  several  horizons  are  all  considered  by  Knowlton  to  be  undoubt- 
edly Fort  Union.  Judged  by  their  flora,  practically  all  the  beds 
about  Miles  are  to  be  referred  to  this  formation. 

At  Signal  Butte,  5  miles  east  of  Miles,  the  following  section  is 
exposed,  extending  from  Tongue  River  to  the  top  of  the  butte: 

Section  at  Signal  ButU,  east  of  Miles. 

Ft.    In. 

41.  Clay,  red  from  burning  of  coal  bed;  extending  Xo  top  of  Signal  Butte 35 

40.  Clay,  sandy  in  part,  crumbles  readily  in  the  hand,  and  some  loose  sand; 
light  gray  to  buff  in  color  and  much  lighter  in  appearance  than  the  beds 
below;  contains  several  thin,  black  streaks  formed  of  black,  carbona- 
ceous d  irt 160 

39.  Clay,  gray;  contains  large  sandstone  concretions  and  beds  of  sandstone 

near  the  top,  containing  plants 17 

38.  Coal 2 

37.  Clay 9 

36 .  Coal 9 

35.  Sand,  gray 13 

34.  Clay,  brown,  carbonaceous 3 

33.  Sand  and  clay,  light  and  dark  gray  in  alternating  bands 63 

32.  Clay,  brown,  carbonaceous,  with  thin  seams  of  coal 9 

31.  Clay,  gray,  with  yellow,  limonitic  bands 11 

30.  Coal,  impure,  contains  clay  seams 1 

29.  Sand,  with  some  clay,  gray;  contains  many  brown  ferruginous  nodules.*     27 

28.  Coal 8 

27.  Sand,  with  ferruginous  nodules 11 

26.  Coal 8 

25.  Sandstone,  rather  soft 20 

24.  Coal,  good  quality,  with  three  thin  clay  seams;  the  Weaver  mine  is  in 

this  bed 5      6 

23.  Shale ,  brown 5      6 

22.  Sand,  looee,  yellow 22 
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21.  Clay,  brown,  with  thin  beds  of  coal 

20.  Clay  and  aand,  gray 25 

19.  Coal,  impure,  with  clay  seam  2  inches  thick 2 

18.  Clay  and  sand,  gray 22 

17.  Coal,  good  quality,  has  been  mined 2i-3 

16.  Clay  and  sand 39 

16.  Coal 

14.  Clay,  brown,  carbonaceous 

13.  Coal,  upper  part  impure,  but  lower  3  feet  of  good  quality;  has  been  mined .  6 
12.  Clay,  yellow,  containing  sandstone  beds  and  also  concretions  which  break 
into  yellow  fragments.    This  member  forms  the  top  of  the  bluffs  border- 
ing the  Tongue  River  Valley 17 

11.  Clay,  gray 2 

10.  Coal,  good  quality 2 

9.  Clay,  yellow 8 

8.  Clay,  brown,  carbonaceous,  with  some  coal 1 

7.  Clay,  gray 2 

6.  Coal 1 

5.  Clay  and  sand,  gray  and  yellow  in  alternating  bands 66 

4.  Sand,  yellow,  with  sandstone  concretions 5 

3.  Clay,  brown,  carbonaceous 5 

2.  Clay,  gray 17 

1.  Unexposed  to  river  bank,  estimated 75 


Ft.   In. 
5 


6 


702       1 

At  Signal  Butte  Fort  Union  plants  were  collected  at  only  one  hori- 
zon, No.  39  of  the  above  section,  which  yielded  the  following  species: 

Taxodium  occidentale  Newb. 
Sequoia  Nordenskidldii  Heer? 
Glyptostrobus  europseus  (Brongn.)  Heer. 
Populus?  sp.?  cf.  genatrix  Newb. 
Populus,  possibly  P.  acerifolia  Newb. 
Betula  sp.  new  ? 


Corylus  americana  Walter. 

Planera. 

Hicoria  antiquorum  (Newb.)  Knowlton. 

Hicoria?  sp.  new  ? 

Celastrus  ovatus  Ward. 

Sapindus  grand ifoliolus  Ward. 


Corylus  n)6trata  Aiton. 

At  a  lower  horizon  in  the  bluffs  of  the  Yellowstone  at  Miles  other 
plants  of  Fort  Union  age  were  collected  115  to  125  feet  above  the 
river.  The  following  species  obtained  from  this  locality  were  iden- 
tified bv  F.  H.  Knowlton: 


Comus  Newberry i  Hollick. 

Nelumbo  n.  sp. 

Onoclea  sensibilis  fossilis  Newb. 

Trapa?  microphylla  Lesq.,  as  identified 

by  Ward. 
Corylus  rostra ta  Aiton. 


Populus  cuneata  Newb. 
Populus  amblyrhyncha  Ward. 
Populus  nervosa  elongata  Newb. 
Populus  rotundifolia  Newb. 
Corylus  americana  Walter. 
Hicoria?  sp. 
Platanus  sp. 

The  occurrence  of  the  above  plants  at  this  horizon  not  far  above 
the  river  is  evidence  that  neariy  all  if  not  all  the  beds  in  the  Signal 
Butte  section  belong  to  the  Fort  Union,  and  this  formation  thus  has 
a  thickness  near  Miles  of  600  to  700  feet.     The  dinosaur-bearing  beds 
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if  present  probably  do  not  extend  far  above  the  level  of  the  river, 
although  if  correlated  solely  on  the  basis  of  their  close  resemblance 
to  the  beds  of  the  Hell  Creek  region,  the  lower  500  feet  of  the  Signal 
Butte  section  would  be  referred  to  those  beds.  Only  the  upper  200 
feet  of  the  strata  forming  the  butte  resemble  the  Fort  Union  as  it  is 
developed  100  miles  to  the  north. 

STRUCTURE. 

The  geologic  structure  of  the  region  under  discussion  is  very  simple, 
the  beds  for  the  most  part  being  horizontal  or  with  only  a  slight  dip 
in  certain  localities.  In  the  Hell  Creek  region,  which  is  on  the  western 
margin  of  the  field,  the  strata  have  a  well-marked  dip  to  the  southeast, 
due  no  doubt  to  a  general  uplift  to  the  west,  which  has  brought  the 
Pierre  shale  up  to  an  elevation  of  at  least  200  feet  above  Missouri 
River  near  the  mouth  of  Big  Dry  Creek,  southeast  of  Glasgow. 

Reference  has  already  been  made  to  the  anticline  which  shows  so 
well  on  the  Yellowstone  at  the  mouth  of  Cedar  Creek  and  on  the  oppo- 
site side  of  the  valley.  The  dip  is  here  20°  S.  52°  W.  and  the  strike  is 
S.  38°  E.  This  fold  appears  to  be  extensive,  since  it  has  brought  the 
Pierre  shale  to  the  surface  over  a  considerable  area  on  Cedar  Creek 
and  it  perhaps  continues  southeastward  as  far  as  Little  Beaver  Creek 
near  the  North  Dakota  line. 

Smoke  Butte,  in  western  Dawson  County,  one  of  the  most  con- 
spicuous buttes  of  the  region,  is  composed  of  a  mass  of  intrusive 
igneous  rock  forming  part  of  a  broad  dike  which  can  be  traced  for 
miles  across  the  country.  Smoke  Butte  stands  at  the  junction  of 
Smoke  Butte  and  Big  Dry  creeks,  9  miles  west  of  the  town  of  Jordan. 
It  rises  360  feet  above  Smoke  Butte  Creek.  The  dike  has  a  width 
of  60  to  70  feet  and  its  trend  ranges  from  N.  48°  E.  to  N.  53°  E.  Its 
course  is  marked  by  a  line  of  ridges  and  detached  .buttes  which  owe 
their  origin  to  the  resistant  character  of  the  rock  forming  them.  A 
smaller  dike  branching  off  from  the  main  one  has  a  width  of  3  feet 
and  shows  columnar  jointing,  the  columns  being  horizontal. 

COAIi. 

GENERAL  CHARACTERISTICS. 

The  coal  beds  are  not  confined  to  any  particular  horizon,  but  are 
distributed  from  top  to  bottom  of  the  Fort  Union  formation.  Sec- 
tions in  western  North  Dakota  show  that  the  lignite  beds  have  a 
vertical  range  of  1,500  feet  or  more.  Few  exposures  of  300  or  400 
feet  of  strata  do  not  contain  at  least  thin  beds  of  lignite.  In  some 
places  but  two  or  three  such  beds  are  present;  in  others  there  are  ten 
or  fifteen  in  a  vertical  distance  of  250  to  500  feet,  although  many  of 
the  beds  are  only  a  few  inches  thick. 
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Over  the  field  generally  the  coal  beds  range  in  thickness  from  a 
fraction  of  an  inch  to  14  feet.  Beds  6,  8,  and  10  feet  thick  are  not 
uncommon,  but  those  over  10  feet  are  comparatively  rare. 

The  beds  are  usually  not  continuous  over  very  large  areas.  A 
particular  coal  bed  will  pinch  out  within  a  mile  or  two  and  perhaps 
be  replaced  by  another  at  about  the  same  or  a  different  horizon.  Or 
two  may  overlap  each  other  and  while  both  appear  at  one  point,  at 
another  point  half  a  mile  or  so  distant  only  one  of  them  is  present. 
In  many  places  it  is  not  possible  to  correlate  beds  on  the  opposite 
sides  of  the  same  valley  and  only  1  or  2  miles  apart.  On  the  other 
hand,  here  and  there  one  coal  bed  can  be  traced  3  or  4  miles  in  the 
river  bluffs  and  less  commonly  twice  that  distance,  but  sooner  or 
later  it  thins  out  and  disappears.  This  lack  of  persistence  makes  it 
unsafe  to  correlate  coal  beds  whose  outcrops  are  separated  by  more 
than  a  few  miles. 

Practically  all  the  coal  of  this  field  is  subbituminous  (black  lignite). 
Some  of  the  beds,  which  are  made  up  largely  of  the  black  variety, 
contain  thin  layers  of  brown  lignite,  but  nowhere  was  the  latter  found 
to  constitute  the  entire  bed.  The  area  is  different  in  this  respect 
from  the  North  Dakota  field,  where  the  coal  is  entirely  brown.  In 
eastern  Montana  the  coal  is  black  and  brittle  %nd  usually  has  a  bright 
luster.  Although  some  of  it  shows  a  woody  structure,  this  is  much 
less  common  than  in  the  brown  lignite,  which  is  also  generally  tough 
rather  than  brittle. 

On  exposure  to  the  air  the  coal  loses  part  of  its  moisture,  begins  to 
crack,  and  finally  breaks  up  into  small  fragments.  This  change 
takes  place  much  more  readily  in  the  coal  of  some  beds  than  in  that 
of  others.  At  some  outcrops  observed  the  material  must  have  been 
exposed  for  many  months,  but  back  several  inches  from  the  face  the 
coal  still  had  the  appearance  of  being  fresh  and  unaffected  by  the 
weather.  On  the  other  hand,  some  beds,  after  no  longer  period  of 
exposure,  show  the  effects  of  weathering  for  a  distance  of  several 
feet  from  the  surface. 

In  many  of  the  beds  the  coal  is  cut  by  one  or  two  systems  of  joints, 
which  are  vertical,  or  nearly  so,  and  from  5  or  6  inches  to  1  foot  and 
more  apart.     These  joints  are  usually  very  clear  cut  and  regular. 

The  following  analyses  show  the  composition  of  this  subbituminous 
coal  from  several  localities.  Each  sample  was  cut  in  the  mine  across 
a  working  face  of  the  bed  and  then  pulverized  and  quartered  down  to 
a  quart  sample,  which  was  sealed  air-tight  in  a  galvanized-iron  can  and 
mailed  to  the  chemical  laboratory  at  St.  Louis.  Analyses  were  made 
under  the  supervision  of  N.  W.  Lord  at  the  fuel-testing  plant  of  the 
Geological  Survey  by  F.  M.  Stanton,  chief  chemist. 
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8.  At  Jordan.  Dawaon  Counl;-.  aample  taken  near  taoe  of  ontcrop. 
e-11.  Elgbt  mlleg  north  of  GlendJre.  Dawton  CooDtr- 

DESCRIPTION  OF  THE  COAL  BEDS. 

Some  of  the  coal  beds  of  Dawson  and  Custer  counties  have  already 
been  described,"  and  only  those  which  were  examined  during  the  last 
season  (1906)  will  be  considered  here. 

SBEEP   UOUKTAIK    REGION. 

Big  Sheep  Mountain  and  Little  Sheep  Mountain  are  located  in 
southern  Dawson  County,  about  midway  between  its  eastern  and 
western  boundaries  and  almost  due  north  of  Miles.  As  already 
stated,  they  form  the  highest  part  of  the  divide  separating  the  tribu- 
taries of  the  Yellowstone  from  those  of  the  Missouri.  Several  coal 
beds  occur  in  the  vicinity  of  McMillan  post-office  in  T.  14  N.,  R.  47  E., 
on  West  Fork  of  Cherry  Creek.  Four  miles  northeast  of  the  post- 
office  there  is  a  6-foot  bed,  and  what  is  probably  the  same  bed  out- 
crops near  the  base  of  Big  Sheep  Mountain.  Just  south  of  Little 
Sheep  Moimtain,  in  a  gully  beside  the  stage  road  from  MoMillan  to 
Miles,  a  bed  7  feet  thick  outcrops. 

■  BiiU.  V.  a.  Qeol.  Surver  No.  W,  ItdS,  pp.  3IT-32*. 
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BflLES   DISTRICT. 

North  of  Yellowstone  River,  on  Sunday  Creek  and  its  tributaries, 
coal  outcrops  at  many  points  in  Tps.  8,  9,  and  10  N.,  R.  47  E.  It  has 
been  mined  for  several  years  just  below  the  bridge  over  South  Sunday 
Creek,  in  sec.  18,  T.  8  N.,  R.  47  E.  The  bed  outcrops  in  the  cut  bank 
along  the  stream  for  a  distance  of  300  feet  and  lies  only  2  to  3  feet 
above  the  bed  ot  the  creek.  It  is  from  4  to  4i  feet  thick  and  the  coal 
is  of  good  quality.     The  section  is  as  follows: 

Section  of  coal  bed  on  South  Sunday  Creek, 

JTBOC. 

Sand  and  clay,  washed  from  higher  slopes 15 

Sandstone,  soft 8 

Coal,  with  1-inch  seam  of  sand,  1  foot  below  top 4-4J 

Clay,  exposed  to  bed  of  creek 2-3 

Mining  is  carried  on  here  partly  by  stripping,  the  soft  sandstone 
being  blasted  off  in  large  blocks,  and  partly  by  drifting  in  along  the 
bed.  The  coal  is  mined  only  during  the  winter  and  is  sold  in  Miles. 
The  same  bed  appears  along  North  Sunday  Creek  and  outcrops  along 
the  road  about  half  a  mile  north  of  the  bridge. 

Several  miles  below  the  junction  of  the  two  creeks,  in  sec.  9,  T.  8  N., 
R.  47  E.,  a  coal  bed  3  feet  4  inches  thick  is  exposed  on  the  north  side 
of  the  valley. 

In  the  high  ridge  21  miles  northwest  of  the  mouth  of  Sunday  Creek, 
in  sec.  22,  T.  9  N.,  R.  47  E.,  a  bed  7i  feet  thick  is  present.  It  is  badly 
weathered  on  the  face  of  the  outcrop  and  back  several  feet  from  the 
surface  has  crumbled  to  powder. 

On  Cow  Creek,  a  tributary  of  Sunday  Creek  which  crosses  T.  9  N., 
R.  47  E.,  from  northwest  to  southeast,  a  10-foot  bed  of  coal  is  exposed 
at  a  number  of  points  from  5  to  10  miles  above  the  mouth.  The  bed 
appears  to  be  continuous  over  a  considerable  area  and  is  only  a  few 
feet  above  creek  level.  In  places  the  coal  has  burned  and  its  horizon 
is  represented  by  red  clay,  and  much  of  the  bed  has  been  eroded  by 
the  branches  of  Cow  Creek.  At  the  outcrop  the  coal  is  overlain  by 
only  a  few  feet  of  clay,  but  it  doubtless  extends  back  from  the  creek 
and  is  present  under  the  bluffs  which  rise  abruptly  at  a  distance  of 
one-half  to  1  mile. 

vSeveral  beds  of  impure  coal  occur  in  the  bluffs  near  the  head  of  a 
small  creek  about  2  miles  west  of  and  nearly  parallel  with  Cow 
Creek  in  T.  9  N.,  R.  46  E. 

On  South  Sunday  Creek,  5  or  6  miles  above  its  junction  with  North 
Sunday  and  near  the  Reynolds  ranch,  a  coal  bed  3  feet  thick  is  mined 
for  use  near  by. 
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In  the  badlands  about  18  miles  north  of  Miles,  or  9  miles  from  the 
ferry  across  the  river  near  Tusler,  a  thick  bed  is  exposed  along  the 
stage  road  to  McMillan.     The  section  is  as  follows: 

Section  of  coal  bed  18  miles  north  of  Miles. 

Ft.    In. 

Clay,  yellow 9 

Coal 10    6 

Clay  and  coal  in  alternating  seams,  the  clay  bands  1  to  8  inches 

thick 5    6 

Coal 2    6 

Clay,  exposed  to  creek 4 

31    6 

Including  the  several  clay  seams  the  bed  has  a  thickness  of  over  18 
feet.  It  appears  at  intervals  for  more  than  half  a  mile,  one  outcrop 
being  300  feet  long.     The  coal  is  of  good  quality. 

Two  thin  beds  of  coal  are  exposed  in  the  steep  bluffs  of  the  Yellow- 
stone opposite  Miles.  The  lower,  which  is  only  27  inches  thick,  can 
be  followed  by  its  outcrops  for  a  distance  of  at  least  2  miles.  It  has 
been  mined  at  many  points  by  running  short  drifts  in  along  the  bed. 

By  far  the  greater  part  of  the  coal  used  in  Miles  comes  from  the 
Kircher  and  Weaver  mines  on  the  south  side  of  the  river.  The  former 
is  located  5  miles  northeast  of  town,  and  the  latter  about  the  same 
distance  to  the  east,  near  the  base  of  Signal  Butte. 

The  Kircher  Brothers'  mine,  in  sec.  19,  T.  8  N.,  R.  48  E.,  is  working 
a  bed  ranging  in  thickness  from  4  feet  2  inches  to  4  feet  6  inches  and 
lying  about  75  feet  above  the  river.  The  coal  is  reached  by  a  slope 
136  feet  long  and  lies  58  feet  below  the  entrance  of  the  slope.  The 
coal  is  cut  by  vertical  joints,  18  inches  to  2  feet  apart,  which  serve  to 
block  it  out  and  assist  in  mining,  the  coal  coming  out  in  good-sized 
pieces.  A  main  entry  extends  in  opposite  directions  from  the  bottom 
of  the  slope  for  a  distance  of  about  400  feet.  From  this  entry  rooms 
200  feet  long  are  turned  and  6-foot  pillars  are  lett  between  the  rooms. 
Several  inches  of  coal  are  left  at  the  top  and  little  timbering  is  neces- 
sary, since  this  forms  a  secure  roof.  The  mine  is  worked  during  the 
entire  year,  25  to  30  men  being  employed  during  the  winter.  The  coal 
is  of  excellent  quality,  black,  brittle,  and  with  bright  luster. 

The  Weaver  mine  is  on  a  higher  bed,  330  feet  above  the  Yellowstone, 
and  the  section  here  is  as  follows: 

Section  of  coal  bed  at  Weaver  mine. 

Ft.    In. 

11.  Sandstone,  gray  and  rather  soft,  but  forming  good  roof 20 

10.  Clay,  brown,  carbonaceous,  with  some  plant  fragments 10 

9.          Coal,  good  quality 2      2 

8.          Clay 1 

7.          Coal 2 

6.          Clay 3 

9411— Bull.  316—07 14 
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Ft.  In. 

5.          Coal 1  5 

4.  Clay,  brown,  carbonaceous 4 

3.  C^l 1  2 

2.  Clay,  brown,  (carbonaceous 5  7 

1.  Sand,  soft,  yellow 22 

Total  coal  bed 5      7 

Nos.  5  to  9,  inclusive,  are  removed,  4  feet  of  coal  and  the  included 
clay  seams  being  mined.  The  bed  is  exposed  at  a  number  of  points 
in  the  sides  of  Signal  Butte  and  probably  underlies  the  entire  butte. 
Two  lower  coal  beds  which  outcrop  below  the  mine  have  also  been 
worked  by  Mr.  Weaver  in  past  years.  They  are  shown  in  the  Signal 
Butte  section  on  pages  201-202.  One  lies  about  1 30  feet  below  and  has 
a  thickness  of  6  feet,  but  the  upper  half  of  the  bed  is  a  poor,  impure 
coal;  the  other,  2}  to  3  feet  thick,  contains  good  coal,  but  has  a  poor 
roof. 

Thick  coal  beds  occur  in  the  Pine  Hills  east  of  Miles,  which  have 
an  elevation  of  700  feet  above  Yellowstone  River.  One  of  these  beds, 
12  to  15  feet  thick,  is  exposed  at  numerous  points  about  10  miles 
from  town,  in  sees.  9,  10,  12,  14,  15,  22,  and  23,  T.  7  N.,  R.  49  E. 
The  coal  lies  not  far  below  the  top  of  the  hills  and  has  burned  out 
over  large  areas,  as  shown  by  the  abundance  of  red  clay. 

REGIOX    BETWEEN    MILES    AND   JORDAN. 

The  town  of  Jordan  is  located  on  Big  Dry  Creek,  in  western  Daw- 
son County,  and  is  92  miles  northwest  of  Miles.  Between  these  two 
places  tlicre  are  many  coal  beds  within  a  few  miles  of  the  stage  road. 
The  most  important  of  these  will  be  described  in  the  order  of  their 
occurrence  northward  from  Yellowstone  River. 

In  llie  bad  lands  on  Grimes  Creek,  a  tributary  of  North  Sunday 
Creek,  in  T.  10  N.,  R.  45  E.,  a  bed  of  coal  2  feet  6  inches  thick  out- 
crops for  a  distance  of  several  miles  in  the  bare  clay  slopes  of  the 
bluffs.  A  bed  of  the  same  thickness  appears  on  Alkali  Creek  3  miles 
above  its  junction  with  Grimes  Creek  at  the  Stone  shack. 

One  or  more  thick  beds  of  coal  occur  in  T.  12  N.,  R.  45  E.,  the 
extreme  northwestern  township  of  Custer  County.  They  are  exposed 
in  the  deep  ravines  near  the  heads  of  Youall  and  Crow  Rock  creeks, 
both  of  which  flow  north  into  Little  Dry  Creek.  About  4\  miles  east 
of  Sim  Robert's  ranch  a  bed  of  coal  10  feet  thick  outcrops  at  the 
head  of  Youall  Creek,  in  sec.  20,  T.  12  N.,  R.  45  E.  It  is  of  excellent 
quality,  black  and  with  a  bright  luster.  The  coal  is  jointed,  the  joint 
cracks  being  from  10  to  18  inches  apart.  The  bed  is  overlain  by  40 
to  50  feet  of  buff  clay.     About  5  miles  farther  northeast,  near  the 
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head  of  Crow  Rock  Creek,  what  is  perhaps  the  same  bed  outcrops. 
It  is  8i  to  9  feet  thick  and  is  overlain  by  8  to  10  feet  of  buff  sand- 
stone and  20  to  30  feet  of  yellow  clay,  mostly  wash  from  higher  slopes. 
The  coal,  though  black  and  brittle,  shows  plainly  the  woody  structure. 

Several  miles  southeast  of  Satchwell  post-office,  near  the  northern 
border  of  Rosebud  County,  a  bed  of  coal  2  feet  6  inches  thick  occurs 
imder  a  cover  of  3  or  4  feet  of  clay.  It  is  near  the  top  of  the  divide 
separating  the  Missouri  from  the  Yellowstone  drainage. 

At  Joe  Greer's  place,  on  Thompson  Creek,  4  to  5  feet  of  coal  is 
exposed  and  is  mined  close  beside  the  house  by  drifting  in  along  the 
bed.     A  spring  flows  from  the  bottom  of  the  bed. 

There  are  two  beds  of  coal  in  the  vicinity  of  Cohagen  post-office 
on  Little  Dry  Creek.  One  of  these  is  well  exposed  for  300  yards  in 
a  cut  bank  along  the  stream.     The  section  here  is  as  follows: 

Section  of  coal  beds  at  Cohagen. 

5.  Clay  washed  from  higher  slopes.  Feet. 

4.  Coal 5 

3.  Clay 6 

2.  Coal,  upper  5  or  6  feet  of  poor  quality  from  admixture  of  clay, 
also  contains  iron  pyrites  in  nodules;  lower  3  or  4  feet  of  good 

quality 9 

*  1.  Clay,  exposed  to  creek  bed * 1 

21 

In  places  the  upper  part  of  the  coal  bed  has  suffered  erosion  and 
is  overlain  by  several  feet  of  sand  and  gravel  upon  which  rest  3  to  10 
feet  of  wash  clay. 

About  li  miles  southwest  of  Cohagen,  on  Phillips  Creek,  a  tribu- 
tary of  Little  Dry  Creek,  another  bed  is  exposed,  the  section  being  as 
follows : 

Section  on  Phillips  Creek, 

Ft.   In. 

10.  Sand  and  clay 9 

9.  Coal : 6 

8.  Clay,  brown 1    6 

7.  Coal 1 

6.  Clay,  brown 1    2 

5.  Coal 5 

4.  Sand  seam,  brown IJ 

3.  Coal : 3    6 

2.  Clay,  gray 6 

1.  Unexposed  to  creek 15 

37    3i 

The  coal  of  the  3J-foot  bed  (No.  3)  is  a  good  subbituminous  coal, 
with  bright  luster  and  brittle.  It  is  well  jointed,  the  joint  cracks 
being  from  1  to  4^  inches  apart. 
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Two  beds  appear  on  Sand  Creek  near  the  road  crossing,  as  shown 
in  the  following  section: 

Section  on  Sand  Creek, 

Ft.   In. 
8.  Clay,  alluvial,  and  silt : 9 

7.  Gravel  and  sand 4 

6.  Clay,  brown 1 

5.  Coal,  impure,  dull 1    6 

4.  Clay,  jointed,  gray 15    6 

3.  Coal,  mostly  black,  with  bright  luster,  shows  bedding  plainly, 

being  composed  of  layers  one-half  to  4  inchc»8  thick 2 

2.  Sand,  gray 2 

I.  Clay,  gray,  exposed  to  creek  level 4 

39 

The  upper  bed  outcrops  at  intervals  along  the  creek  for  a  distance 
of  1  to  2  miles. 

The  section  which  follows  is  exposed  in  the  steep  cut  bank  of  Big 
Dry  Creek  at  Jordan: 

Section  at  Jordan. 

Ft.    In. 
13.  Clay,  washed  from  upper  slopes 2 

12.  Clay,  gray,  jointed 9 

II.  Clay,  brown,  carbonaceous,  with  some  coal 4 

10.  Coal,  impure,  with  1-inch  clay  seam 1    9 

9.  Clay,  brown,  carbonaceous 6 

8.  Coal,  good  quality  except  upper  3  or  4  inches 2  2 

7.  Sand  seam,  brown 2 

6.  Coal,  good  quality 1  8 

6.  Clay,  gray 1  6 

4.  Sand,  gray 2 

3.  Clay ,  gray 3 

2.  Coal 6 

1.  Clay,  blue,  to  bed  of  creek 1 

25    7 

The  beds  have  a  slight  dip  to  the  east.  The  outcrops  appear  in  the 
banks  of  the  creek  for  over  half  a  mile  and  the  coal  doubtless  extends 
back  under  the  slopes  south  of  the  stream.  At  the  lower  end  of  the 
exposure  the  bed  is  cut  out  by  erosion  and  is  replaced  by  alluvial 
clay.  Nos.  6  and  8  of  the  above  section  together  form  a  4-foot  bed 
of  coal  of  excellent  quality,  with  a  2-inch  seam  of  sand  near  the 
center.  The  coal,  which  is  black  and  has  a  bright  luster,  is  in  distinct 
layers  and  breaks  readily  along  the  bedding  planes. 
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REGION   NORTH   OF   JORDAN. 

At  Percy  Williamson's  ranch,  about  13  miles  north  of  Jordan,  a 
bed  of  good  black  subbituminous  coal  is  mined  on  its  outcrop  for 
use  on  the  ranch.     Only  3  feet  is  exposed,  but  the  bed  is  said  to  be 

5  to  6  feet  thick.     A  massive  sandstone  with  a  thickness  of  30  to  40 
feet  occurs  over  the  coal. 

Beds  of  coal  occur  in  the  dinosaur-bearing  beds  and  the  Fprt  Union 
formation  of  the  Hell  Creek  district.     A  very  persistent  bed  about 

6  feet  thick  lies  100  feet  below  the  Fort  Union,  and  this  has  been 
traced  at  least  25  miles. 


COAL  FIELDS  IN  A  PORTION  OF  CENTRAL  UINTA 

COUNTY,  WYO. 


By  Alfred  Reginald  Schultz. 


INTRODUCTION. 

The  present  paper  comprises  a  brief  preliminary  statement  of  some 
of  the  results  obtained  from  surveys  made  by  E.  E.  Smith,  B.  A.  Ivei^ 
son,  H.  C.  Schleuter,  and  the  writer  during  the  summer  of  1906  in 
Tps.  23  to  39  N.,  Rs.  113  to  117  W.,  inclusive,  Uinta  County,  Wyo.« 
The  examination  of  this  region  was  made  primarily  for  the  purpose  of 
determining  the  outcrop  of  the  various  coal-bearing  rocks  and  oil  beds 
and  to  trace  northward  the  coal  formations  mapped  by  A.  C.  Veatch 
and  the  writer  in  southern  Uinta  County  during  the  sunmrier  of  1905.* 
In  carrying  on  this  work  the  surveys  were  carefully  tied  to  land 
comers,  and  geologic  and  sketch  topographic  maps  were  prepared 
on  a  scale  of  2  inches  to  the  mile,  with  a  contour  interval  of  100  feet. 
The  data  collected  have  been  compiled  into  a  single  base  map  on  the 
scale  of  1  inch  to  the  mile,  which  shows  all  the  streams,  land  comers, 
houses,  fences,  roads,  and  trails  found  in  this  examination  and  will 
accompany  the  complete  report  of  this  area.  This  map  shows  the 
areal  and  structural  geology,  the  location  and  depth  of  the  coal  beds, 
the  location  of  the  oil-bearing  shales,  the  occurrence  of  iron  and  gold, 
and  the  regions  where  they  may  be  found.  It  is  the  purpose  in  this 
preliminary  report  to  give  a  short  description  and  sununary  of  the 
occurrence  and  distribution  of  the  coal-bearing  formations  in  this 
field  and  to  point  out  to  what  extent  development  has  been  carried. 
The  accompanying  map  (PI.  XIII)  is  a  reduced  copy  of  the  base  map 
above  mentioned.'' 


o  AcompU'to  <l(>tailrd  ivport  of  this  work  will  )>c  issued  later  as  a  separate  publication  of  the  Qeologieai 
Survey. 

b  For  ri'sults  of  the  survpy  made  in  1905  8<«««  Prof.  Pap<*r  I*.  S.  Gcol.  Survey  No.  56  and  Bull.  U-  8. 
Geol.  Survey  No.  2S5.  190<i.  pp.  .131-353. 

f  Recent  work  has  shown  that  the  areas  mappe<l  us  Evanston  on  the  east  side  of  Labarge  Ri4gB 
are  Adaville  nnd  that  the  contact  l>et  W(>en  them  and  the  older  rocks  on  the  west  is  a  fault  initead  of 
a  depositional  contact  as  shown  on  the  map. 
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SURFACE  FEATURES. 

This  region  has  an  elevation  ranging  from  5,700  feet  on  Snake  River 
to  1 1 ,500  feet  along  the  crest  of  the  mountain  ranges.  In  the  vicinity 
of  Sheep  Creek,  a  tributary  of  John  Day  River,  where  the  most  rugged 
topography  is  encountered,  there  is  in  some  places  a  difference  of 
elevation  of  3,000  feet  in  less  than  half  a  mile.  The  area  is  traversed 
from  west  of  north  to  east  of  south  by  two  parallel  mountain  ranges — 
Salt  River  Range  and  Wyoming  Range — and  is  bounded  on  the  north- 
east by  the  Gros  Ventre  Moimtains,  which  extend  in  an  east-southeast 
and  west-northwest  direction.  Near  the  south  end  of  the  area 
mapped  the  Salt  River  and  Wyoming  ranges  become  lower,  passing 
into  Absaroka  Ridge  and  Meridian  Ridge,  respectively,  and  they 
finally  lose  their  topographic  identity  south  of  the  area,  where  the 
rocks  of  which  they  are  composed  are  deeply  buried  by  Tertiary 
deposits.  There  are  numerous  ridges  or  folds  rudely  parallel  to  the 
main  ridges,  the  most  important  being  the  Hoback  Range,  which  con- 
nects the  Wyoming  Range  and  the  Gros  Ventre  Mbuntains.  East  of 
the  parallel  mountains  is  the  great  plainlike  basin  of  Green  River, 
which  has  a  mean  elevation  of  about  7,500  feet.  The  entire  area 
except  this  narrow  strip  along  the  eastern  margin  is  a  succession  of 
rugged  mountain  peaks  and  ridges  cut  by  numerous  gorges  and  can- 
yons, whose  walls  are  in  places  nearly  perpendicular.  Many  of  the 
hills,  valleys,  and  slopes  are  well  timbered  with  pine,  fir,  and  spruce. 

The  drainage  belongs  to  three  great  systems — Snake  River,  whose 
waters  flow  into  the  Pacific;  Green  River,  whose  waters  flow  into  the 
Gulf  of  California;  and  Bear  River,  whose  waters  enter  the  Great 
Basin.  The  greater  part  of  the  drainage  is  almost  equally  divided 
between  Snake  and  Green  rivers,  with  a  margin  in  favor  of  Snake 
River,  only  a  small  area  in  the  southwestern  portion  being  drained  by 
the  tributaries  of  Bear  River. 

STRATIGRAPHY. 

The  survey  of  last  summer  was  carried  on  with  special  reference  to 
coal,  most  of  the  work  being  restricted  to  the  coal-bearing  formations. 
As  much  attention  as  possible  was  devoted  to  the  formations  contigu- 
ous to  the  coal-bearing  rocks,  and  suflBcient  information  regarding  their 
age  was  obtained  to  correlate  them  with  similar  beds  in  other  parts  of 
the  country.  The  fossils  collected  by  tliis  j)arty  and  studied  by  Wal- 
cott,  Stanton,  Girty,  Knowlton,  and  Dall,  as  well  as  material  collected 
by  former  expeditions  in  this  area,  particularly  those  of  the  Ilaydon 
Survey,  indicate  that  the  several  formations  studied  and  mai)i)ed  in 
the  field  have  the  geologic  time  values  given  in  the  accompanying 
table  and  agree  very  closely  with  the  sections  studied  in  southern 
Uinta  County  during  the  summer  of  1905. 
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8TRUCTUBE. 

The  main  disturbance  in  this  area  occurred  near  the  close  of  the 
Cretaceous  period,  during  the  interval  marked  by  the  unconformity 
between  the  Adaville  and  Evanston  formations.  A  second  and 
minor  disturbance  occurred  after  the  deposition  of  the  Evanston 
beds.  The  movement  during  this  disturbance  was  for  the  most  part 
along  several  of  the  old  lines  of  weakness,  faulting  and  tilting  the 
younger  beds  so  that  they  now  dip  in  some  places  from  40*^  to  50*^  and 
in  an  opposite  direction  to  the  older  underlying  beds.  An  earlier 
disturbance  than  these  two  may  have  occurred  between  the  deposition 
of  the  Jurassic  and  that  of  the  Bear  River.  There  is  some  evidence 
that  the  Lower  Cretaceous  and  the  Dakota  of  the  Upper  Cretaceous 
(unless  the  Bear  River  is  the  equivalent  of  the  Dakota)  are  wanting 
in  this  area,  but  this  has  not  been  proved.  There  was,  however,  at 
that  time  no  great  disturbance  associated  with  folding  and  faulting, 
for  throughout  the  area  the  Bear  River  beds  are  apparently  con- 
formable upon  the  known  Jurassic  beds. 

The  main  structural  features  of  this  region  are  parallel  to  each, 
other  and  have  a  north-south  trend  with  a  slight  westward  deflection, 
which  increases  toward  the  north.  They  are  the  direct  northward 
continuation  of  the  faults  and  folds  observed  in  southern  Uinta 
County.  The  important  structural  features  at  the  south  end  of  the 
area,  named  in  order  from  east  to  west,  are  (1)  a  fairly  regular  anticline 
with  two  or  more  secondary  folds — the  Meridian  anticline;  (2)  a 
rather  regular  syncline,  in  places  slightly  overturned — the  Lazeart 
syncline;  (3)  a  large  and  persistent  faulted  anticline,  with  its  down- 
throw to  the  east  and  a  displacement  of  15,000  to  20,000  feet;  (4)  a 
broad  syncline — the  Fossil  syncline — which  lies  for  the  most  part 
west  of  this  area.  Farther  north  the  structural  conditions  are  more 
complicated.  Several  additional  folds  and  faults  occur  and  the 
entire  region  is  more  disturbed,  giving  rise  to  the  Hoback,  Wyoming, 
and  Salt  River  ranges. 

The  important  structural  features  at  the  north  end  of  the  area, 
named  in  order  from  east  to  west,  are  (1)  a  rather  irregular,  complex 
anticlinorium,  which  gives  rise  to  the  Iloback  Range  and  passes 
toward  the  south  into  a  regular  anticline,  in  places  slightly  over- 
turned— the  Hoback  anticline;  (2)  the  eastern  portion  of  a  syncli- 
norium,  the  south  end  of  which  is  a  monocline  with  beds  dipping 
from  25°  to  45°  W.— the  Lander  syncline;  (3)  a  faulted  anticline 
with  its  downthrow  to  the  east  and  a  displacement  of  about  20,000 
feet — the  Wyoming  anticline;  (4)  the  northward  continuation  of 
the  Lazeart  syncline,  which  develops  a  secondary  fold  in  the  vicinity 
of  Snake  River — the  John  Day  River  syncline ;°  (5)  the  northward 

a  This  appears  on  PI.  XIII  aa  the  Greys  River  syncline,  but  as  the  Uniied  States  Geognphlo 
Board  has  decided  that  the  river  should  be  Icnown  as  the  John  Day.  the  structural  feature  ahould 
carry  the  same  name. 
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continuation  of  the  Absaroka  fault,  which  here  lies  along  the  east 
base  of  the  Salt  River  Range.  The  displacement  along  this  fault  is 
somewhat  greater  than  at  the  south  end  of  the  area,  approximating 
20,000  feet.  The  Salt  River  Range  has  been  uplifted  and  its  com- 
ponent rocks  thrown  into  sharp  folds.  As  most  of  the  range  lies 
west  of  this  area,  no  detailed  sections  were  made  across  it,  but 
very  probably  it  exhibits  the  same  type  of  structure  as  the  Hoback 
Range.  The  faulted  anticline  (3)  gives  rise  to  the  Wyoming  Range, 
and  the  fault  extends  approximately  along  the  east  base  of  the 
range  in  much  the  same  manner  as  the  Absaroka  fault  along  the 
east  base  of  Absaroka  Ridge  -and  the  Salt  River  Range.  Near  the 
south  end  of  the  Wyoming  Range  the  anticline  develops  into  two  or 
more  secondary  folds.  South  of  the  Wyoming  Range  the  fault  is 
connected  .with  the  Absaroka  fault  by  a  cross  break  which  continues 
eastward  north  of  Thompson  Plateau  and  in  which  the  downthrow 
is  on  the  south,  with  a  displacement  of  about  5,000  feet. 

The  structural  features  that  are  of  the  greatest  importance  in  the 
consideration  of  the  coal  deposits  are  the  following: 

1.  The  Lazeart  syncline  and  its  northward  continuation,  or  John 
Day  River  syncline,  lying  between  the  Salt  River  and  Wyoming 
ranges.  In  places  the  Lazeart  syncline  is  entirely  overturned;  the 
beds  of  the  lower  limb  dip  from  25^  to  40*^  W.,  and  those  of  the  upper  or 
west  limb  dip  from  45*^  to  90*^  W.,  giving  an  overturn  dip  of  135°. 
North  of  Wrights  Ranch  the  spicline  becomes  regular;  the  beds  on 
the  east  limb  dip  to  the  west  and  those  on  the  west  limb  dip  to  the 
east,  but  a  portion  of  the  west  limb  is  removed  by  the  encroachment 
of  the  Absaroka  fault.  Still  farther  north  the  syncline  rises,  and 
north  of  South  Fontenelle  Creek  the  beds  of  the  west  limb  dip  50°  to 
80°  E.,  while  the  beds  of  the  east  limb  dip  25°  to  30°  W.  North  of 
Fontenelle  Creek  the  east  limb  only  remains.  Farther  north  the 
John  Day  River  syncline  shows  some  complexity,  and  in  the  vicinity 
of  Little  John  Day  and  Snake  rivers  a  secondary  fold  parallel  to 
and  about  halfway  between  the  Wyoming  and  Salt  River  ranges  is 
developed. 

2.  The  Lander  syncline,  lying  between  the  Wyoming  Range  and  the 
Hoback  anticline,  to  the  east.  The  beds  in  this  syncline  are  chiefly 
of  Cretaceous  age.  They  are  somewhat  disturbed,  but  for  the  most 
part  they  dip  toward  the  west  at  angles  varying  from  15°  to  50°. 

The  two  structural  features  just  described  contain  all  the  best  coal 
beds  in  this  region.  East  of  Hoback  and  Labarge  ranges,  on  the 
gently  eastward-sloping  plain  along  the  western  margin  of  the  Green 
River  basin,  there  is  another  coal  field  containing  the  Labarge  Moun- 
tain and  Fall  River  coals.  The  coal  beds  of  this  field  are  of  a  much 
later  age  and  they  probably  extend  over  a  large  portion  of  the  Green 
River  basin.  Their  outcrops,  however,  are  of  very  small  extent,  for 
the  Tertiary  covering  has  been  removed  in  only  a  few  localities.     The 
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dips  are  for  the  most  part  toward  the  east  and  range  from  10*^  to  45°. 
The  coal-bearing  formations  studied  in  the  Lander  syncline  west  of  the 
Hoback  anticline  probably  occur  also  along  the  east  side  of  the  anti- 
cline, but  nothing  is  known  of  their  distribution  outside  of  a  small 
area  in  T.  30  N.,  R.  115  W.,  in  the  east-central  part  of  sec.  24,  owing 
to  the  heavy  covering  of  Tertiary  beds,  which  in  many  places  extend 
high  up  on  the  Hoback  Range  and  completely  bury  the  Hoback 
anticline.  Until  drill  holes  have  been  put  down  through  the  Ter- 
tiary cover,  the  position,  distribution,  and  thickness  of  these  coal 
beds  can  only  be  inferred. 

COAIi. 

OENEkAL   CONDITIONS. 

Geologic  study  of  this  region,  and  particularly  of  the  coal-bearing 
formations,  is  of  especial  economic  interest.  At  present  the  coals  are 
scarcely  known  north  of  Kemmerer  and  are  but  little  developed.  In 
a  few  localities  enough  coal  is  taken  from  shallow  pits  to  supply  the 
ranches  in  the  immediate  vicinity.  Outside  of  this  local  mining, 
no  development  work  is  carried  on  in  the  region.  The  talus  and 
heavy  growth  of  timber  covering  the  slopes  are  obstacles  to  a  thorough 
investigation,  but  a  considerable  number  of  prospect  pits  in  which 
the  coal  beds  range  from  2  to  20  feet  in  thickness  have  been  examined. 
The  coal  taken  from  some  of  these  pits  resembles  the  bituminous  coals 
of  southern  Uinta  County,  which  belongs  near  the  top  of  the  group 
containing  the  best  bituminous  coals  of  the  Rocky  Mountain  region. 
Although  the  mapping  of  the  formations  was  not  continued  north  and 
west  of  Snake  River,  the  coal-bearing  rocks  extend  to  the  northwest 
for  a  xjonsiderable  distance  and  probably  across  the  Wyoming  State 
line  south  of  Teton  Pass.  In  the  vicinity  of  Victor,  Oasis,  and 
Haden,  on  the  eastern  slope  of  the  Pierres  Hole  (Big  Hole)  Moimtains, 
in  Idaho,  occurs  a  series  of  coal-bearing  rocks  that  dip  from  40^  to  50*^ 
SW.  These  rocks,  which  may  be  a  continuation  of  the  coal-bearing 
formations  south  and  east  of  Snake  River,  are  known  to  contain  seven 
coal  beds  ranging  in  thickness  from  2  to  20  feet.  The  coal  is  of 
unusually  high  quality  and  makes  a  very  desirable  fuel  for  steam  and 
domestic  purposes.  It  also  shows  coking  properties,  and  some  very 
fine  samples  of  coke  have  been  obtained  in  laboratory  tests. 

Thus  far  coal  prospecting  in  the  area  here  discussed  has  been 
carried  on  in  tliree  different  coal-bearing  beds,  which,  in  descendilig 
order,  are  as  follows: 

1 .  The  Evanston  formation,  in  which  the  coals  resemble  theEvanston 
and  Almy  coals  of  southwestern  Uinta  County. 

2.  The  Adaville  formation,  containing  coals  of  uppermost  Montana 
and  lower  Laramie  age. 
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3.  The  Frontier  formation,  containing  the  Kemmerer,  Willow  Creek, 
and  lower  coals  of  Benton  age. 

The  oldest  rocks  in  which  commercial  coal  was  observed  in  this  field 
are  of  Benton  age.  The  Frontier  is  the  important  coal-bearing  for- 
mation, and  the  coals  it  contains  resemble  very  closely  the  Frontier 
and  Cumberland  coals  of  southern  Uinta  Coimty.  Bituminous  shale 
and  thin  streaks  of  coal  were  also  observed  in  the  Bear  River  forma- 
tion, but  no  coal  of  commercial  value  was  seen. 

As  soon  as  railroad  facilities  can  be  obtained,  which  at  present 
seems  but  a  few  years  distant,  the  coal  fields  of  central  and  northern 
Uinta  County  will  probably  constitute  an  important  factor  in  the 
coal  production  of  the  State.  For  many  years  Idaho  has  been  sup- 
plied with  coal  principally  from  the  Kemmerer,  Diamondville,  and 
Union  Pacific  mines,  in  southern  Uinta  Coimty,  Wyo.  In  busy 
seasons  these  mines  have  been  severely  taxed  to  furnish,  even  at  high 
prices,  sufficient  coal  to  meet  the  demand  of  the  sugar  companies  and 
smelting  industries.  By  opening  the  coal  beds  in  northern  Uinta 
County,  as  good  if  not  better  coal  than  that  of  the  southern  part  of 
the  county  can  be  obtained,  and  the  cost  of  transportation  to  northern 
Wyoming  and  southeastern  Idaho  can  be  greatly  reduced.  These 
coals  are  discussed  briefly  in  the  following  pages,  and  the  approxi- 
mate outcrop  and  distribution  of  the  coal-bearing  beds  are  shown  in 
PI.  XIII  (p.  212). 

KEMMERER,  V^ILLOV^  CREEK,  AND  OTHER  COALS  OF 

BENTON  AGE. 

The  beds  containing  the  coals  of  Benton  age  outcrop  throughout 
the  area  between  Meridian  Ridge  and  the  Wyoming  Range  on  the 
east  and  Absaroka  Ridge  and  the  Salt  River  Range  on  the  west,  in 
the  Lazeart-John  Day  River  syncline,  and  also  between  the  Hoback 
and  Wyoming  ranges,  north  of  Thompson  Plateau,  in  the  Lander 
syncline.  In  both  of  these  localities  the  westward  extension  of  the 
coal-bearing  beds  terminates  against  a  fault  that  extends  along  the 
east  base  of  the  Salt  River  Range,  Absaroka  Ridge,  and  the  Wyoming 
Range.  It  is  not  known  whether  all  the  coal-bearing  formations 
mentioned  in  the  preceding  section  extend  throughout  the  field  or 
not,  but  they  are  present  in  the  southern  part,  and  they  or  their 
equivalents  may  be  foimd  in  other  parts  as  further  development 
work  progresses.  During  the  present  survey  most  of  the  coal  data 
could  be  obtained  only  from  surface  exposures  or  from  shallow  pits 
dug  a  few  feet  below  the  surface.  The  location  of  these  pits  add 
prospects  is  shown  on  the  accompanying  map  (PI.  XIII).  They  are 
numbered  consecutively  from  1  to  88,  according  to  township,  range, 
and  section,  beginning  at  the  southeast  corner  of  the  field. 
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COAL-BEARING   BEDS   IN   THE   LAZEART-JOHN   DAY   RIVER   SYNCLINE. 

The  first  important  mine  to  tap  the  coal  beds  in  the  Lazeart  syn- 
cline  was  that  opened  by  the  Diamond  Coal  and  Coke  Company  at 
Diamondville,  about  7  J  miles  south  of  the  south  boundary  of  this 
area,  in  1894.  Subsequently  mines  were  opened  by  the  same  com- 
pany at  Glencoe  and  Oakley.  In  1897  the  mines  at  Frontier,  5  and 
6  miles  south  of  the  boundary  of  this  area,  were  opened  by  the  Kem- 
merer  Coal  Company,  and  in  1900  the  Cumberland  mines  were  opened 
by  the  Union  Pacific  Coal  Company.  These  mines  and  the  occur- 
rence of  coal  in  southern  Uinta  County  have  been  described  elsewhere 
by  A.  C.  Veatch."  All  these  mines  developed  the  main  K^mmerer 
bed,  which  lies  above  the  Oyster  Ridge  sandstone.  In  the  mine 
workings  this  coal  bed  ranges  in  thickness  from  5  to  20  feet.  At  the 
Frontier  mine  two  other  beds  have  been  opened,  and  one  of  them, 
known  as  the  ''A''  bed,  is  worked.  This  coal  bed,  which  lies  35  feet 
vertically  below  the  main  coal  bed,  is  6  feet  thick  and  has  a  thin  part- 
ing about  1  foot  from  the  top.  The  quality  of  the  coal  is  about  the 
same  as  in  the  main  bed.  One  analysis  has  been  made  of  this  lower 
coal.''  About  10  feet  vertically  below  the  A  bed  is  another  known 
as  the  ''B"  bed.  The  coal  is  6i  feet  thick,  with  a  thin  parting  17 
inches  from  the  top.  The  intervening  material  between  the  A  and 
B  beds  is  a  shale  too  soft  to  allow  working  the  coal  in  bed  B. 

Shortly  after  opening  the  mines  at  Frontier,  the  Kemmerer  Coal 
Company  spent  several  years  in  prospecting  the  coal  beds  north  of 
that  place,  on  Willow  Creek,  in  an  effort  to  find  coking  coal.  Beside 
prospecting  the  coals  of  the  main  Kemmerer  group  some  work  was 
also  done  in  the  coal  beds  below  the  Oyster  Ridge  sandstone. 

The  Willow  Creek  coal  is  about  550  feet  below  the  main  Kemmerer 
coal  and  200  feet  below  the  Oyster  Ridge  sandstone.  In  the  SW.  \ 
NW.  }  sec.  19,  T.  22  N.,  R.  115  W.,  where  considerable  coal  was  taken 
out,  the  bed  is  3  feet  thick;  farther  north,  in  the  SW.  \  SW.  J  sec.  6,  T. 
22  N.,  R.  115  W.,  where  the  Kemmerer  Coal  Company  proposes  to 
open  a  mine,  this  bed  reaches  a  thickness  of  5  feet  8  inches.  At 
both  of  these  prospects  small  engines  were  installed  and  slopes  were 
opened.  In  1904  the  two  places  together  produced  3,000  tons  of 
coal  and  about  750  tons  of  coke  were  shipped.  Since  then  no  devel- 
opment work  has  been  done  on  the  Willow  Creek  coals,  but  it  is 
reported  to  be  the  intention  of  the  Kemmerer  Coal  Company  to 
develop  this  coal  in  the  near  future  for  its  coking  value.  Tests  show 
that  the  coal  yields  a  coke  of  fair  quality. 

a  Coal  and  oil  in  UinU  County.  Wyo.:  Dull.  U.  S.  Gcol.  Survey  No.  285. 1906.  pp.  331-353;  Oeogrmphy 
and  geology  of  a  portion  o(  southwestern  Wyoming,  with  Hpocial  reference  to  coal  and  oil:  Prof. 
Paper  U.  S.  Geol.  Survey,  No.  56. 

b  Veatch.  A.  C.  Coal  and  oil  In  southera  UinU  County.  Wyo.:  Bull.  U.  S.  Geol.  Survey  No.  285, 
190G,  p.  339,  analysis  No.  8. 
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Two  other  prospects  have  been  opened  in  the  Willow  Creek  horizon, 
one  in  the  NE.  J  NW.  }  sec.  2,  T.  23  N.,  R.  116  W.,  by  Walter  C. 
Wright;  the  other  in  the  NE.  }  SE.  }  sec.  16,  T.  25  N.,  R.  115  W., 
by  Howard  M.  Holden.  At  both  of  these  places  coal  has  been  taken 
out  for  local  ranch  use.  North  of  Holden's  prospect  no  pits  have 
been  opened,  and  as  the  country  is  well  covered  with  timber  and 
exposures  are  rare,  the  coal  outcrops  are  seen  at  few  places.  Several 
outcrops  were  observed  at  various  places  as  far  north  as  Snake 
River. 

Several  prospect  pits  have  been  opened  in  T.  22  N.,  R.  115  W., 
along  the  outcrop  of  the  beds  below  the  Willow  Creek  coal.  The 
Spring  Valley  horizon,  which  is  near  the  base  of  the  Frontier  forma- 
tion, is  approximately  1,500  feet  stratigraphically  below  that  of 
the  main  Kemmerer  coal  bed,  and  the  Carter  coal  is  approximately 
200  feet  higher  than  the  Spring  Valley  bed.  These  horizons  have 
not  been  prospected  in  this  locality,  and  as  the  beds  are  eveiywhere 
covered  by  weathered  surface  material,  the  coal  here,  as  well  as 
farther  south,  is  not  readily  seen.  As  a  rule  careful  prospecting  by 
digging  pits  or  sii|king  diamond-drill  holes  is  necessary  in  order  to 
locate  the  beds.  Even  when  a  pit  has  been  opened  and  a  section  of 
the  coal  exposed,  the  next  year  may  find  all  traces  of  it  obliterated 
and  the  pit  deeply  buried  by  debris  from  a  landslide. 

COAL-BEARING   BEDS   IN   THE   LANDER   SYNCLINE. 

The  coal  beds  in  the  syncUne  between  the  Wyoming  and  Hoback 
ranges  can  not  be  directly  correlated  with  any  particular  bed  in  the 
Lazeart-John  Day  River  syncline.  The  prominent  sandstone  that 
forms  Oyster  Ridge  and  serves  as  a  horizon  marker  is  not  present 
in  this  field,  or  if  present  has  lost  its  ridge-making  characteristics. 
The  coal-bearing  formation  is  the  same  and  the  coals  so  far  as  studied 
resemble  very  closely  the  Frontier  and  Willow  Creek  coals.  A 
mine  was  opened  in  1906  by  Sam  Smith  east  of  McDougal  Moimtain, 
in  unsurveyed  territory,  the  location  of  which,  if  subdivided,  would 
be  in  the  SW.  J  SW.  }  sec.  33,  T.  34  N.,  R.  115  W.  A  drift  has  been 
rim  along  the  strike  for  a  distance  of  20  feet,  and  several  loads  of 
coal  have  been  hauled  from  the  mine.  A  road  has  been  built  for  this 
purpose,  and  it  is  the  intention  of  Mr.  Smith  to  supply  coal  to  the 
ranchers  in  the  Green  River  basin.  The  coal  is  of  high  grade  and 
the  bed  is  6  feet  2  inches  thick. 

Farther  north,  east  of  the  Wyoming  Range  and  near  the  head- 
waters of  Willow  Creek,  a  tributary  of  Fall  River,  some  prospecting 
has  been  done,  but  most  of  the  pits  have  been  buried  beneath  land- 
slide material  so  that  the  coals  can  not  be  examined  without  reopen- 
ing the  pits.     In  the  SE.  {  NW.  J  sec.  4,  T.  36  N.,  R.  115  W.,  where 


222       CONTBIBUTIONS  TO  ECONOMIC   GEOLOGY,  1906,  PABT  H. 

the  greatest  amount  of  development  work  has  been  done,  a  drift  has 
been  nm  100  feet  and  a  6-foot  coal  bed  with  three  partings  has  been 
opened.  The  analysis  of  the  coal  shows  it  to  be  the  best  coal  in 
Uinta  County  thus  far  analyzed.  The  same  coal  extends  northwest- 
ward across  Snake  River,  but  no  study  was  made  of  the  formations 
in  that  region. 

ADAVILLE  AND  TWIN  CREEK  COALS. 

The  beds  containing  the  Adaville  and  Twin  Creek  coals  also  lie  in 
the  Lazeart  syncline,  but  occur  only  in  its  southern  part.  Since  the 
discovery  of  these  coals  in  1876  by  Smith  and  Bell  Brothers,*  who 
opened  iii  the  region  of  Hodges  Pass,  on  the  divide  between  Twin 
Creek  and  Hams  Fork,  twenty-nine  beds  of  coal  ranging  in  thickness 
from  1 J  to  48  feet  and  aggregating  315  feet,*  this  coal-bearing  forma- 
tion has  been  noted  for  the  great  number  and  thickness  of  its  beds. 
At  the  Adaville  mine,  in  the  NE.  }  SW.  J  sec.  20,  T.  2!  N.,  R.  116  W., 
one  bed  reaches  a  maximum  thickness  of  84  feet,  with  a  single  part- 
ing of  clay  2  inches  thick. 

On  account  of  the  rising  and  pitching  of  the  Lazeart  syncline,  the 
beds  of  this  group  occupy  three  basins  in  southern  Uinta  County, 
the  northern  part  of  the  northernmost  basin  being  shown  on  the 
map  accompanying  this  report.  Farther  north  the  pitching  of  the 
syncline  again  brings  in  these  beds,  and  the  foiirth  basin  in  the  series 
occurs  on  South  Fontenelle  Creek.  Very  little  prospecting  has  been 
done  oh  the  coal  beds  north  of  Hams  Fork,  and  thus  far  only  one 
prospect  pit  has  been  opened  in  the  fourth  basin,  namely,  in  the 
SW.  I  SW.  }  sec.  17,  T.  25  N.,  R.  115  W.,  where  3  feet  of  coal  occur 
imder  a  bed  of  shale.  The  base  of  the  coal  bed  was  not  seen.  This 
group  of  coal  beds  contains  a  large  amount  of  fuel  of  a  fair  quality 
which  will  undoubtedly  be  developed  in  the  near  future.  The  coal 
is  clean  and  compact,  having  a  bright  luster  and  breaking  with  a 
conchv  idal  fracture,  but  it  crumbles  badly  on  exposure  to  the  air. 

COAL  BEDS  OF  LABARGE  MOUNTAIN   AND  FALL  RIVER  BASIN. 

The  coals  on  Labarge  Mountain  are  in  the  Adaville  formation^ 
and  those  along  Fall  River  are  in  the  Evanston;  the  coal  resembles 
the  Evanston  and  Almy  coals  of  southwestern  Uinta  County.  Along 
the  east  side  of  Labarge  Range  several  prospect  pits  have  been 
opened  in  the  Labarge  Mountain  coal  beds,  and  in  two  localities  coal 
is  being  mined  for  local  ranch  use.  At  Sayle's  mine,  in  the  SE.  J 
NW.  J  sec.  7,  T.  26  N.,  R.  113  W.,  an  entry  180  feet  long  has  been 

a  Peale,  A.  C,  Report  on  the  geology  of  the  Green  River  district:  Eleventh  Ann.  Rept.  U.  8.  Q«oL 
and  Qeog.  Survey  Terr,  for  1877,  p.  535. 

b  Veatch,  A.  C,  Coal  and  oil  in  soathem  Uinta  County,  Wyo.:  Bull.  U.  8.  Qeol.  Survey  No.286,UXW» 
p.  337. 


COAL  IN  CENTRAL  UINTA   COUNTY,   WYO.  223 

driven  along  the  strike  of  the  coal  bed,  which  is  here  from  5i  to  6 
feet  thick.  As  a  whole  the  coal  is  not  good  for  forge  use;  by  care- 
ful selection,  however,  certain  parts  of  the  bed  yield  a  coal  which 
will  answer  for  this  purpose.  The  coal  comes  from  the  mine  in  fair- 
sized  blocks,  but  slacks  readily  on  exposure  to  air,  breaking  with  a 
conchoid al  fracture.  The  coal  is  used  by  the  neighboring  ranchers 
for  fuel,  but  because  it  slacks  so  quickly  only  small  quantities  are 
bought  at  a  time.  Near  the  north  end  of  the  Labarge  Range,  on 
the  oast  side,  a  mine  has  been  opened  by  Mr.  Griggs  in  the  SE.  J  SE.  \ 
sec.  12,  T.  28  N.,  R.  114  W.,  where  8  feet  of  coal  are  exposed  with- 
out reaching  the  base  of  the  bed.  The  coal  at  tliis  mine  is  of  the 
same  quality  as  that  at  the  Sayle  mine.  It  is  mined  only  as  the 
near-by  ranchers  are  in  need  of  it.  Several  prospect  j)its  have  been 
opened  between  these  two  mines,  as  well  as  north  of  the  Griggs  mine. 
At  a  number  of  places  from  seven  to  ten  beds  of  coal  ranging  in  thick- 
ness from  1  to  5  feet  have  been  examined,  and  the  entire  formation 
shows  numerous  coal  beds.  The  location  of  prospect  pits  and  mines 
is  shown  on  the  accompanying  map  (PI.  XIII,  p.  212).  The  sections 
of  the  coal  beds  at  the  various  prospect  pits  are  recorded  in  the  table 
on  pages  224-229. 

In  the  Fall  River  basin  practically  no  prospect  pits  have  been  dug 
and  knowledge  of  the  coal  beds  is  therefore  restricted  entirely  to 
surface  exposures  and  bank  diggings.  These  are  few  in  number, 
inasmuch  as  throughout  most  of  this  area  a  heavy  covering  conceals 
the  coal  outcrops.  Besides  the  prospects  or  surface  diggings  shown 
on  PI.  XIII,  coal  prospects  have  been  opened  and  reported  on  Cliff, 
Granite,  and  Shoal  creeks  by  ranchers  and  prospectors,  but  these 
pits  were  opened  some  time  ago  and  have  since  been  deeply  buried 
by  landslips,  so  that  the  coal  was  not  seen. 

SECTIONS    OF    THE    COALS. 

The  location  of  the  various  prospect  pits  that  were  examined  or 
made  during  this  survey,  together  with  a  section  of  the  coal  beds,  is 
given  in  the  subjoined  table.  The  mines,  prospect  pits,  and  surface 
diggings  are  arranged  by  township,  range,  and  section,  being  num- 
bered consecutively  from  1  to  88,  beginning  at  the  southeast  comer 
of  the  field.  The  numbers  agree  with  those  used  on  PI.  XIII.  The 
data  for  prospect  pits  in  T.  22  N.,  Rs.  115  and  116  W.,  south  of  this 
area,  have  been  added,  as  some  of  these  have  not  previously  been 
published.  These  pits  are  designated  by  letters  in  the  table,  so  as 
not  to  interfere  with  the  numbers  used  on  the  map. 

Numerous  test  pits  have  been  opened  in  the  coal  beds  of  the  Fron- 
tier formation,  a  less  number  in  the  Adaville  formation,  and  still 
less  in  the  Evanston  formation.  The  results  of  these  tests  are  pre- 
sented in  the  following  table  under  numbers  corresponding  to  those 
9411— Bull.  3ld-07 16 
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used  on  the  map.  Some  of  the  surfac*  outcrops  are  not  here  listed. 
In  tlie  following  table  Nos,  25  and  39  are  located  on  Carboniferous 
beds;  No.  60  on  Bear  River  beds;  Noa.  1,  38,  41,  43,  and  47-56, 
inclusive,  on  Adaville  beds;  Nos.  85,  86,  and  SSod  Evanston  beds, and 
all  the  remainder  on  Frontier  beds. 

Secliont  of  coal  bedt  in  central  Uinta  County,  Wyo. 
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QUALITY  AND  CLASSIFICATION  OF  COALS. 

The  coals  in  this  field  form  two  distinct  classes.  The  best  coals  are 
comprised  in  the  first  class,  which  includes  all  the  coals  of  the  Fron- 
tier formation,  of  Benton  (Cretaceous)  age.  The  second  and  inferior 
class  includes  all  the  coals  of  the  Adaville  formation,  of  uppermost 
Montana  and  lower  Laramie  age,  and  those  of  the  Evanston  forma- 
tion, of  Tertiary  or  upper  Laramie  age. 

The  coals  of  the  first  class,  which  rank  as  high-grade  bituminous, 
have  much  the  same  physical  characteristics  throughout  the  field 
and  are  remarkably  uniform  in  their  properties.  They  are  black, 
moderately  hard,  and  usually  compact,  and  for  the  most  part  have  a 
bright  luster.  As  a  rule  they  contain  small  partings  of  clay  and 
shale  and  some  irregular  nodules  of  pyrite  (sulphur  balls).  The  coal 
as  a  rule  is  not  so  clean  as  the  Adaville  coal,  but  contains  much  less 
moisture.  Generally  the  coal  does  not  slack  to  any  appreciable 
extent  on  exposure  to  the  weather.  In  two  localities  the  coking 
properties  of  these  coals  have  been  tested  with  fairly  good  results. 

The  coals  of  the  second  class  rank  as  high-grade  subbituminous.* 
They  are  black  and  fairly  hard,  have  a  bright  luster,  and  break  with 
a  conchoidal  fracture.  When  scratched  the  streak  is  a  dark  brown. 
The  coal  comes  from  the  mines  in  fair-sized  blocks,  but  slacks  readily 
on  exposure  to  the  air,  breaking  into  small  irregular  pieces.  When  a 
large  block  of  coal  is  exposed  to  the  air  for  a  few  hours  the  entire 
block  is  filled  with  small  cracks  owing  to  the  large  percentage  of 
moisture  given  off. 

Samples  of  coal  for  analysis  w^ere  collected  from  the  mines  and 
prospect  pits  in  this  region.  The  samples  were  taken  from  a  clean 
surface  of  the  whole  bed  by  cutting  a  channel  3  or  4  inches  in  width 
and  of  even  depth  so  that  an  equal  amount  of  coal  was  obtained 
from  each  unit  of  section.  The  coal  so  removed  was  placed  on  a 
clean  surface  and  broken  to  lumps  one-half  inch  or  less  in  diameter 
and  thoroughly  mixed.  The  sample  was  then  quartered  and  opposite 
quarters  taken  and  remixed.  This  process  of  (juartering,  selecting, 
and  mixing  was  continued  until  the  sample  was  reduced  to  about  1 
quart,  which  was  then  placed  in  a  galvanized-iron  can  with  a  descrip- 
tion of  the  coal  and  location  of  the  mine,  sealed,  and  shipped  to  the 
United  States  Geological  Survey  fuel-testing  plant  at  St.  Louis,  Mo., 
for  analysis.  The  sealed  can  reached  the  chemical  laboratory  with 
its  moisture  content  unchanged.  In  order  to  determine  the  **loss  of 
moisture  on  air  drying,"  the  following  method  was  used:  ^ 

In  order  to  make  detorniinalions  of  the  looselv  held  inoisturo  more  uniform  and 
definite,  a  ^:p^•(•ial  drying  oven  ha.s  been  designe<l  and  intrtMlucwl  into  the  lalx>ratory; 

"Tho  tonii  Mibbiturninou'i  has  Uvn  mlopto*!  by  the  Oological  Survey  for  the  class  ot  coal  usually 
dosigiiiitoil  "Mack  lignite." 

frLopl  N.  \V..  Preliminary  nport  on  tho  op^Tution** of  the  fufl-tosting  plant  ♦  •  ♦  at  St.  Louis, 
Mo.,  VM:»:  Hull.  l*.  S.  (k-oI.  Surwy  No.  JliO,  190<»,  pp.  29-30. 
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in  tluH  oven  samples  of  several  pounds  weight  can  be  dried  in  a  gentle  current  of  air 
raised  from  10°  to  20°  above  the  temperature  of  the  laboratory.  In  this  way  the  coal  is 
air  dried  in  an  atmosphere  with  a  very  low  dew-point  and  not  subject  to  large  per- 
centage variations,  and  the  results  obtained  are  considerably  more  concordant.  An- 
other advantage  of  this  method  is  that  it  greatly  shortens  the  time  of  air  drying,  so  that 
the  samples  can  be  prepared  in  much  less  time  than  formerly. 

In  studying  the  table  of  analyses  it  should  be  borne  in  mind  that 
most  of  the  coal  samples  were  collected  from  surface  outcrops  or 
shallow  pits,  and  that  the  samples  were  weathered  badly  and  more 
or  less  altered,  having  a  high  percentage  of  moisture,  as  it  was  not 
possible  within  the  given  time  to  open  up  a  coal  bed  so  as  to  get  un- 
altered coal.  In  some  cases  where  two  samples  were  taken  from  the 
same  horizon  and  from  the  same  kind  of  coal,  except  that  one  was 
partially  altered  and  the  other  not,  the  difference  in  the  calorific 
power  is  from  2,000  to  3,000  British  thermal  units.  Only  eleven 
samples  were  obtained  that  represent  fairly  well  the  real  values  of 
the  coals  in  their  unaltered  condition,  namely,  at  localities  Nos.  23, 
40,  44,  49,  56,  64,  71,  73,  78,  79,  and  80.  All  other  samples  were 
collected  within  the  zone  of  alteration  and  give,  to  a  greater  or  less 
degree,  inferior  results.  No  doubt  the  high  percentage  of  moisture 
and  oxygen  in  these  samples  is  due  in  part  to  the  altered  condition 
of  the  coal.  The  air-drying  loss  of  the  samples  is  not  entirely  com- 
parable. This  likewise  may  be  due  in  part  to  the  physical  conditions 
and  the  changes  undergone  during  the  process  of  weathering.  In 
the  following  table  the  coal  analyses  have  been  arranged  by  town- 
ships, ranges,  and  sections,  beginning  at  the  southeast  corner  of  the 
field.  The  numbers  in  the  first  column  correspond  with  the  numbers 
given  in  the  table  of  sections  and  on  the  accompanying  map  (PI. 
XIII,  p.  212).  The  laboratory  numbers  are  those  given  by  the  fuel- 
testing  plant  and  will  be  used  in  its  publications. 
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In  order  that  the  analyses  of  the  l^inta  County  coals  may  be  com- 
pared with  those  of  other  coals  from  the  Rocky  Mountain  region, 
the  subjoined  table  has  been  prepared.  The  analyses  are  separated 
into  groups  according  to  the  geologic  horizons  of  the  coals.  The 
analyses  have  been  calculated  on  the  basis  of  the  air-dried  sample 
and  arranged  according  to  the  calorific  values  as  expressed  in  Britisli 
thermal  units.  The  ash  and  sulphur,  although  accidental  impurities 
varying  greatly  from  place  to  place  in  the  same  bed,  are  of  consider- 
able commercial  importance,  and  it  has  therefore  seemed  better  to 
retain  these  impurities  rather  than  to  calculate  the  analyses  on  the 
basis  of  air-dried  ash-free  samples.  The  carbon-liydrogen  ratio 
proposed  by  M.  R.  Campbell"  in  1905  and  the  carbon-oxygen  ratio 
are  given  for  comparison.  The  table  includes  also  Ihe  ultimate 
analysei^  of  the  ten  coal  sampler  collected  l)y  A.  C.  Veatch  and  party 
during  the  summer  of  1905  in  southern  Uinta  County,  as  well  as 
those  of  the  two  mine  samples  and  one  carload  sam])le  collected 
in  1906  at  Adaville,  a  few  miles  west  of  Kemmerer,  by  inspectors 
of  the  Geological  Survey  fuel-testing  plant. 

a  The  claMsiAcation  of  coals:  Trans.  Am.  Inst.  Min.  Kng.,  Washington  niciling,  May,  1905;  I'rof. 
rap«;r  U.  S.  Geol.  Soryey  No.  48,  lOtti,  pp.  15H-173. 
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On  examining  the  foregoing  table  it  will  be  observed  that  the 
Frontier  coals,  of  Benton  age,  fall  into  groups.  G,  H,  and  I  of  the 
classification  proposed  by  Campbell."  Three  of  the  samples  collected 
last  summer,  namely,  Nos.  73,  78,  and  79,  with  the  carbon-hydrogen 
ratio  ranging  from  14.6  to  15.28  per  cent,  and  the  Willow  Creek  coal, 
D  of  the  table,  collected  in  1905,  with  a  carbon-hydrogen  ratio  of 
15.15  per  cent,  fall  into  group  G  of  the  bituminous  class,  which  in- 
cludes the  Pittsburg  coal  and  some  of  the  high-grade  coals  of  West 
Virginia,  Kentucky,  and  Alabama.  All  the  other  samples  except  the 
last  three  (Xos.  67,  68,  and  69)  fall  into  group  H  of  the  bituminous 
class  and  compare  favorably  with  the  Indian  Territory,  Kansas, 
high-grade  Illinois,  Iowa,  and  Missouri,  and  second-grade  Kentucky 
coals.  The  last  three  samples  in  the  table  fall  into  group  I,  not  so 
nuich  because  they  are  inferior  coals,  but  on  account  of  the  altered 
condition  of  the  coal  near  the  surface,  where  the  samples  were  col- 
lected. If  good  samples  of  these  coal  b^ds  had  been  obtained,  they 
would  uncjuestionably  fall  into  group  H  and  possibly  some  of  them 
into  group  G.  The  sulphur  content  of  these  coals  is  low,  being 
generally  less  than  1  per  cent ;  the  lowest  is  0.28,  the  highest  3.78,  and 
the  average  of  the  23  analyses  0.93  per  cent.  The  ash  content  ranges 
from  1.68  to  14.04  per  cent,  A^-ith  an  average  of  6.12  per  cent;  the 
carbon  ratios  range  from  53.98  to  78.19  per  cent,  with  an  average  of 
69.11  per  cent. 

Tlio  Adaville  coals  of  Uinta  County  fall  in  part  into  the  bituminous 
class  and  in  part  into  the  subbituminous  class.  According  to  the 
carl)(>n-hydrogon  classification,  the  chemical  analyses  place  one  of 
these  coals  in  group  II,  five  in  group  I,  and  four  in  group  J.  Group  I, 
the  lowest  of  the  bituminous  coals,  includes  the  majority  of  Illinois, 
Iowa,  Missouri,  and  Indiana  coals  and  many  of  the  Wyoming,  Mon- 
tana, and  Colorado  coals:  group  J  includes  all  the  subbituminous 
coals  and  lignites.  The  sulphur  content  of  these  coals  is  low,  ranging 
from  0.49  to  2.10  |)er  cent,  with  an  average  of  0.94  per  cent  for  the 
thirteen  samples.  The  ash  ranges  from  2.87  to  11.81  percent,  with 
an  average  of  5.55  per  cent,  or  a  little  less  than  the  amount  of  ash 
in  the  Frontier  coals.  The  carbon  content  ranges  from  47.85  to  66.95 
j>er  cent,  with  an  average  of  58.22  j>er  cent  for  eleven  samples. 

The  Evanston,  Alniy,  and  Fall  River  coals  also  fall  into  the 
bituminous  and  subbituminous  classes.  The  chemical  analyses 
place  one  of  the  coals  in  grouj)  II,  one  in  group  I,  and  three  in 
group  J.  These  coals  contain  more  sulphur  and  ash  than  either 
the  Frontier  or  the  Adaville  coals  and  a  somewhat  lower  per  cent  of 
carbon.  The  sulj)hur  ranges  from  0.22  to  4.7S  per  cent,  with  an 
average  of  2.55  jK^r  cent  for  five  samples.  The  ash  ranges  from  7.74 
to  20.16  per  cent,  with  an  average  of  15.97  per  cent  for  the  five 
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samples.  The  carbon  ranges  from  45.63  to  64.28  per  cent,  with  an 
average  of  53.32  per  cent. 

The  distinction  between  the  Frontier  (Benton)  coals,  on  the  one 
hand,  and  the  Adaville,  Labarge  Mountain,  and  Fall  River  coals,  on 
the  other,  is  largely  physical.  The  last  two  generally  contain  more 
moisture  than  the  Frontier  coals,  have  a  lower  calorific  value,  weather 
more  readily  on  exposure  to  the  atmosphere,  and  are  lighter  in  weight. 
The  most  marked  difference  between  the  Frontier  and  the  Adaville  and 
Labarge  Mountain  coals  consists  in  the  rapidity  with  which  the  latter 
break  down  when  exposed  to  weathering  and  the  peculiar  manner 
in  which  such  breaks  occur,  the  coal  seeming  to  undergo  a  chemical 
change  which  is  accompanied  with  a  conchoidal  or  irregular  fracture 
that  does  not  conform  in  any  way  with  bedding  planes. 

In  making  any  comparison  with  the  coals  in  another  field,  only  11 
analyses  (Nos.  4303,  4299,  3570,  4300,  3572,  4302,  3891,  4301,  3698, 
3693,  and  3699)  of  the  samples  collected  last  summer,  together  with 
those  of  the  samples  collected  in  southern  Uinta  County,  should  be 
taken  as  representative  of  the  coals  in  their  unaltered  condition. 
When  compared  with  the  analyses  made  by  the  United  States  Geo- 
logical Survey  fuel-testing  plant  of  samples  collected  in  other  parts  of 
the  Rocky  Mountain  region,  it  will  be  observed  that  the  coals  of 
Benton  age  found  in  Uinta  County  rank  as  high  as  the  best  bitumi- 
nous coals  in  other  fields  and  are  much  better  than  some  of  the 
Montana,  Colorado,  Utah,  and  New  Mexico  coals,  which  are  about 
the  same  in  character  as  the  Adaville,  Evanston,  Labarge  Mountain, 
and  Fall  River  coals  of  Uinta  County.  The  Benton  coals  of  this 
county  may  be  said  to  belong  at  the  top  of  the  group  of  the  best 
bituminous  coals  of  the  Rocky  Mountain  region.  The  coals  in  group 
G  are  by  far  the  best  thus  far  prospected  in  this  field.  The  high 
quality  of  these  coals  in  part  of  central  Uinta  County  is  not  the  result 
of  igneous  intrusion,  as  is  often  held  by  local  residents,  and  they  are 
therefore  apt  to  be  of  a  uniform  character  over  a  large  area.  From 
the  preliminary  tests  thus  far  made,  some  of  the  Benton  coals  rank 
as  fairly  good  coking  coals,  and  probably  will  in  the  near  future  be 
developed  for  their  coking  properties. 

TKAN8I»ORTATIOX. 

No  railroad  crosses  or  enters  this  area,  the  nearest  being  the  Oregon 
Short  Line,  which  passes  through  Kemirierer,  6  miles  south  of  the 
southern  boundary,  and  then  gradually  gets  farther  away  as  it  skirts 
the  southern  and  western  boundaries  on  its  way  to  the  Snake  River 
valley.  The  St.  Anthony  branch  of  the  Oregon  Short  Line  lies 
about  80  miles  west  of  the  northwest  comer  of  this  district. 

A  stage  leaves  St.  Anthony,  Idaho,  daily,  except  Sunday,  via 
Teton  Pass,  for  Jackson,  Wyo.,  a  distance  of  about  80  miles.  The 
9411— BiilL  316-07 16 


240        CONTRIBUTIONS   TO   ECONOMIC   GEOLOGY,   1906,   PART   II. 

stage  carries  mail  and  supplies  to  all  the  small  stores  and  hamlets 
along  the  line. 

From  Kemmerer  a  stage  leaves  daily  except  Sundays  for  Pinedale, 
Wyo.  This  stage  line  crosses  the  southeastern  part  of  this  area  and 
then  skirts  the  eastern  margin  along  Green  River,  passing  Slate 
Creek,  Palisade,  Labarge,  Midway,  Big  Piny,  Ball,  Daniel,  and  Bums. 
The  stage  carries  mail  and  supplies  to  the  small  stores,  hamlets,  and 
ranches  along  the  road,  thus  making  Kemmerer  the  main  supply 
station  for  all  the  upper  Green  River  basin  and  the  part  of  the  Fall 
River  basin  lying  east  of  the  Hoback  Range. 

There  are  only  three  practical  railroad  routes  across  this  country. 
The  first  and  best  passes  south  of  Meridian  and  Absaroka  ridges  and 
was  in  part  surveyed  in  1886  by  the  Wyoming  and  Eastern  Railway 
Company,  the  line  going  down  Big  Sandy  River,  thence  across  Green 
River  near  the  mouth  of  Slate  Creek,  up  that  creek  a  short  distance, 
crossing  the  southeast  comer  of  this  area  in  T.  22  N.,  Rs.  1 13  and  114 
W.,  and  connecting  with  the  Oregon  Short  Line  in  the  vicinity  of 
Old  Hams  Fork  a  short  distance  west  of  Kemmerer. 

A  second  route  which  has  never  been  surveyed  but  which  might 
be  utilized  at  a  large  expense  extends  from  Green  River  near  the 
mouth  of  Labarge  Creek,  up  that  creek  to  a  point  near  its  headwaters, 
thence  across  the  divide  at  the  south  end  of  the  Salt  River  Range 
into  Star  Valley;  or  at  a  somewhat  greater  expense  the  eastern  por- 
tion of  the  line  might  follow  somewhat  closely  the  Lander  road. 
This,  however,  would  necessitate  another  tunnel  across  the  divide 
between  South  Piny  and  Labarge  creeks. 

It  is  not  probable  that  a  line  will  ever  be  built  along  either  of  these 
routes,  for  so  far  as  the  mineral  deposits  within  the  southern  part  of 
the  district  are  concerned  it  would  be  more  economical  and  much 
more  serviceable  to  build  a  spur  from  the  Oregon  Short  Line  northward 
from  Kemmerer,  up  Mammoth  Hollow  or  Willow  Creek,  along  the 
strike  of  the  coal-bearing  beds  as  far  north  as  the  headwaters  of  Fon- 
tenelle  Creek  or  possibly  Labarge  Creek.  A  preliminary  survey  has 
already  been  made  along  this  route  as  far  north  as  the  Willow  Creek 
prospect,  in  the  southern  part  of  the  district.  The  coals  east  of 
Meridian  Ridge  along  the  east  base  of  Labarge  Range  could  best  be 
reached  by  a  spur  from  some  point  on  the  Oregon  Short  Line  or  from 
some  other  line  extending  up  Green  River. 

The  third  route  follows  Snake  River  across  the  northern  part  of  the 
field  and  a  railroad  may  soon  be  built  along  this  line.  WTiether  the 
line  will  l)e  built  through  the  northern  part  of  this  field,  along  Fall 
River,  and  cross  the  divide  into  the  Green  River  basin,  or  pass 
north  of  the  Gros  Ventre  Mountains  to  BuflFalo  Fork  and  connect  with 
the  W^yoming  and  Northwestern  Railway,  or  extend  up  Gros  Ventre 
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River,  cross  the  Continental  Divide,  and  continue  eastward  down 
Wind  River,  remains  to  be  seen. 

In  1890  the  Nebraska  and  Wyoming  Railroad  Company  made  a 
survey  along  the  Fall  River  route.  The  survey  extended  up  Green 
River  to  the  mouth  of  Middle  Beaver  Creek,  thence  up  that  stream, 
crossing  the  divide  into  the  Fall  River  basin,  and  thence  down  Fall 
and  Snake  rivers  into  Idaho.  The  location  of  the  portion  of  the  line 
included  in  this  area  is  shown  on  PI.  XIII  (p.  212)  by  the  single  black 
line  along  Fall  and  Snake  rivers.  Although  this  involves  a  steep 
grade  in  crossing  the  divide  between  Fall  and  Green  rivers,  it  would 
make  a  good  road  and  be  within  a  short  distance  of  all  the  important 
coal  deposits  in  the  northern  part  of  the  area.  It  would  cut  directly 
across  the  coal-bearing  formations  on  Fall  and  Snake  rivers,  and  by 
a  few  spurs  could  readily  reach  all  the  coals  east  of  the  Wyoming 
Range,  including  those  of  Willow  Creek,  a  tributary  of  Fall  River, 
which  rank  as  high  as  the  Frontier,  Willow  Creek,  and  Cumberland 
coals  of  southern  Uinta  County.  The  coals  of  John  Day  River  and 
its  tributaries  could  probably  be  reached  by  way  of  John  Day  Canyon 
or  by  way  of  Bailey  Creek  west  of  the  Wyoming  Range. 

In  1905  the  Idaho  and  Wyoming  Railway  Company  surveyed  a 
line  from  Jackson,  Wyo.,  down  Flat  Creek  and  Snake  River,  to  con-  i 
nect  with  the  St.  Anthony  branch  of  the  Oregon  Short  Line  just  north 
of  Idaho  Falls,  Idaho.  The  location  of  this  line  is  shown  on  PL  XIII 
by  a  single  line  along  Snake  River.  If  it  is  built  it  may  be  extended 
northward  to  connect  with  the  Wyoming  and  Northwestern  Railway 
near  the  mouth  of  Buffalo  Fork.  In  the  same  year  the  Wyoming 
and  Northwestern  surveyed  a  line  up  Wind  River  and  across  the 
divide  into  Buffalo  Fork,  thence  down  that  stream  to  Snake  River, 
and  up  Snake  River  to  the  vicinity  of  the  Yellowstone  National  Park. 
The  completion  of  these  two  projected  railroads,  which  by  the  most 
optimistic  is  expected  within  the  next  three  or  four  years,  will  entirely 
alter  the  economic  conditijons  in  the  northern  part  of  this  field,  mate- 
rially increase  the  population  of  Jackson  Hole,  and  tend  to  make  it 
popular  as  a  summer  resort  as  well  as  a  center  of  mining  activities. 

If  these  railroads  are  completed,  the  coal  fields  in  the  northern  part 
of  this  area  will  probably  be  rapidly  developed,  owing  to  the  high 
quality  of  the  coals  and  their  nearness  to  the  great  smelting  and  sugar 
industries  in  the  Salt  Lake  valley,  the  Snake  River  valley.  Anaconda, 
and  Butte.  As  soon  as  communication  is  established  with  outside 
markets  lumbering  will  become  an  important  industry  in  this  area, 
and  the  abundance  of  timber  in  the  vicinity  of  the  coal  deposits  will 
tend  to  stimulate  and  develop  coal  prospecting  and  mining. 
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By  E.  G.  Woodruff. 


A  bed  of  coal  in  the  sandstones  of  the  Montana  formation  in  central 
Wyoming  has  been  worked  to  a  moderate  extent  in  the  Popo  Agie 
Valley  8  miles  northeast  of  Lander,  Fremont  County.  In  this  region 
the  Montana  formation  consists  of  a  lower  member  of  shale  several 
thousand  feet  thick  and  an  upper  member  of  sandstones,  shales,  and 
conglomerates  between  500  and  600  feet  thick.  The  shale  has  usually 
been  regarded  as  the  Pierre  and  the  overlying  sandstones  have  been 
supposed  to  represent  the  Fox  Hills,  but  it  is  quite  possible  that  the 
sandstones  are  equivalent  to  the  Mesaverde  of  the  Colorado  section. 
The  sandstones  are  extensively  exposed  on  the  east  slope  of  a  subordi- 
nate anticline  on  the  east  side  of  the  Wind  River  uplift  from  a  point 
•  due  east  of  Lander  to  Little  Wind  River  and  beyond.  To  the  south 
and  in  the  greater  portion  of  the  Wind  River  valley  they  are  covered 
by  Tertiary  deposits.  The  coal  occurs  about  250  feet  above  the  base 
of  tlie  first  sandstone,  lying  upon  an  irresriilar  deposit  of  gray  con- 
glomerate. The  dip  is  to  the  northeast  at  an  angle  of  about  7^.  The 
coal  bed  has  a  maximum  thickness  of  8  feet,  but  throughout  much  of 
its  outcrop  it  is  much  thinner  and  in  places  is  too  tliin  and  shaly  to  be 
of  value.  Wliere  mined  it  has  no  partings.  It  is  exposed  at  intervals 
for  about  4  miles,  mostly  on  the  south  side  of  the  Popo  Agie  along 
slopes  above  a  sandstone  escarpment  facing  to  the  west. 

Very  thin  layers  of  coal  occur  in  the  upper  sandstone  of  the  Colorado 
formation  near  Dallas  post-office,  10  miles  southeast  of  Lander,  and 
have  been  prospected  to  some  extent.  They  are  mostly  less  than  2 
inches  in  thickness  and  a  few  rods  in  horizontal  extent,  but  at  one 
poiat  (mo  of  tliem  attains  a  thickiiess  of  18  inches;  At  this  point  an 
incline  is  driven  80  feet  al<mg  the  slope,  and  while  the  coal  is  of  good 
quality  the  cjuantity  is  insufficient. 

Tlie  principal  openings  from  which  coal  has  been  mined  in  the 
Lander  field  are  as  follows: 

Big  mine N\V.  }  SW.  J  sec.  3,  T.  33  N.,  R.  98  W. 

Little  mine SW.  i  SE.  J  sec.  33,  T.  34  N.,  R.  98  W. 

lluyne's  mine  . .  .NW.  i  SW.  i  sec.  33,  T.  34  N.,  R.  98  W. 

Small  drifts W.  i  SW.  }  and  SW.  i  NW.  J  sec.  28,  T.  34  N.,  R.  98  W. 

Small  pit W.  J  NW.  [  sec.  11,  T.  34  N.,  R.  98  W. 

Small  slope E.  J  SW.  i  SW.  i  sec.  11,  T.  34  N.,  R.  98  W. 
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The  coal  was  first  opened  in  1885  and  has  been  worked  at  intervals 
since.  The  total  production  in  1905  is  estimated  at  4,000  short  tons. 
The  Lander  Coal  Company  is  the  chief  producer.  At  the  Big  mine  of 
this  company  there  is  a  slope  of  500  feet  and  a  working  face  8  feet 
thick.  The  mine  is  worked  entirely  by  hand,  except  that  tram  cars 
are  brought  to  the  surface  by  a  cable  operated  by  horsepower  windlass 
at  the  mouth  of  the  mine.  The  room-and-pillar  method  of  mining  is 
used,  and  the  roof  is  a  sandy  shale,  which  requires  but  little  timbering. 
There  is  no  water  and  no  gas  of  any  consequence.  At  the  little  mine, 
three-fourths  of  a  mile  away,  the  conditions  are  similar,  but  the  bed  is 
only  4  feet  thick.  There  is  a  500-foot  incline,  with  numerous  rooms. 
In  places  in  this  mine  the  dip  increases  locally  to  16°.  Three  miles 
southeast  of  the  Little  mine  the  coal  appears  to  be  represented  by  a 
number  of  tliin  beds  with  sandstone  partings. 

Hayne's  mine  is  a  small  one,  which  has  produced  coal  for  a  number 
of  years.  The  small  opening  on  the  Indian  reservation  is  operated 
imder  a  lease  from  the  Indians.  The  coal  slacks  and  rapidly  crumbles 
on  exposure  to  weather,  so  that  it  is  mined  and  marketed  to  meet  only 
the  immediate  demand  and  mainly  during  the  winter  months.  The 
market  is  Lander  and  vicinity,  and  the  price  at  the  mine  $2.50  a  short 
ton.  During  the  past  summer  a  branch  of  the  Chicago  and  North- 
western Railway  has  been  extended  across  this  field  to  Lander,  and 
probably  in  future  some  of  the  coal  may  be  shipped  over  this  line  to 
more  distant  points.  The  following  analyses  were  made  in  the  labora- 
tory of  the  United  States  Greological  Survey  fuel-testing  plant  at  St. 
Louis  by  F.  M.  Stanton.  The  samples  were  selected  so  as  to  repre- 
sent the  freshly  mined  coal. 

Analyses  of  coal  from  R.  98  TT.,  near  Lander,  Wyo. 


T.33N.T.34N 


Laboratory  No I      4354 


£ 

0U 


Analysis  of  sample  as  received : 

(Moisture 

Volatile  matter 

Fixed  carbon 

(Ash 

iSuljphur 

Hyorogen 

CAri>on .................. 

Nitrogen 

OxywTi 

Calorific  value  determined: 

Calories 

British  thermal  units 


21.20 
35.85 
38.33 

4.r>2 
.53 

6.06 
55.25 

1.15 
32.37 

5,357 
9,643 


4355 


22  90 

38.09 

35.81 

3.20 

.47 


Loss  of  moisture  on  air  dr>ing. 


M 

O 

u 
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Analysis  of  air-drie<l  sample: 

Moisture 

Volatile  matter 

Fixod  carbon 

/Ash 

ISuiphur 

Ilydrogen 

Carbon 

Nitrogen 

[Oxygen 

Calorific  vnhips  detennine<i: 

Calories 

Briti.sh  thermal  units 


T.33N, 


6.20 
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38.22 
40.8(i 

4.93 
.5<> 

5.75 

1.23 
28.  (J3 

.5.711 
lO.iSO 


r.34N. 


0.30 


17.72 

40.65 
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3.41 
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COAL  FIELDS  OF  EAST-CENTRAL  CARBON  COUNTY,  WYO. 


By  A.  C.  Veatch. 


IXTKODUCnON. 

This  paper  is  a  preliminary  statement  of  results  of  surveys  made  ^ 
during  the  summer  of  1906  by  the  writer,  with  the  assistance  of 
Max  W.  Ball,  Max  A.  Pishel,  and  Spencer  R.  Logan.  Mr.  Logan 
had  charge  of  the  collection  of  coal  samples,  and  it  was  due  to  his 
energy  that  so  large  a  number  were  forwarded  to  the  fuel-testing 
plant  at  St.  Louis.  Messrs.  Ball  and  Pishel  assisted  in  the  topo- 
graphic sketching  and  in  the  geologic  mapping. 

The  method  of  work  was  in  general  the  same  as  that  used  in  Uinta 
County  in  1905.^  The  region  is  covered  by  the  public  land  surveys, 
and  economic  considerations  demanded  that  the  work  be  based 
primarily  on  the  land-oflSce  subdivisions,  since  in  such  a  region'  the 
section  and  its  subdivisions  are  the  units  of  economic  importance 
in  everything  except  lode  claims.  All  locations  were  made  by 
pacing  section  lines  or  from  land  comers  found  by  such  pacing. 
Elevations  were  determined  by  aneroid-barometer  readings  checked 
by  hand-level  sights  and  based  on  railroad  surveys  and  the  precise 
lines  of  levels  of  the  United  States  Coast  and  Geodetic  Survey  and 
the  United  States  Geological  Survey.  The  field  sheets,  on  a  scale 
of  2  inches  to  the  mile,  contour  interval  100  feet,  are  now^  being 
compiled  into  a  base  map  on  the  scale  of  1  inch  to  the  mile.  This 
will  be  used  in  the  preparation  of  the  geologic  and  other  maps  of 
the  final  report.  The  sketch  map  (PI.  XIV)  accompanying  this 
preliminary  report  has  been  hastily  prepared  from  the  field  sheets, 
and  though  approximately  correct  may  be  found  to  disagree  in 
minor  particulars  w4th  the  final  large-scale  map.  The  detailed 
report  will  probably  be  ready  for  distribution  in  the  sunmier  of  1908, 
and  the  reader  is  referred  to  it  for  an  elaboration  and  amplification 
of  the  points  here  outlined  and  of  the  map  here  presented. 

a  Bull.  U.  S.  r.(H)l.  Survey  No.  285,  190G,  p.  ,•»!;  Prof.  Paper  U.  S.  Oe<»l.  Survey  No.  SO,  1907,  pp.  1-3. 
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COAL-BEARING  FORMATIONS. 


LOWER   COLORADO. 


The  oldest  beds  containing  coal  in  this  area  are  in  the  lower  part  of 
the  Cretaceous  as  here  developed.  At  this  horizon  black  shale,  occur- 
ring between  typical  Dakota  sandstone  and  the  Mowry  fish-scale 
shale  and  tentatively  referred  to  the  Colorado,  contains  beds  of  dirty 
coal  a  few  inches  thick.  The  occurrence  is  of  scientific  interest  only, 
and  suggests  the  coal  in  the  Bear  River  formation  of  Uinta  County, 
Wyo.,  and  the  Lakota  coals  of  the  Black  Hills  region,  though  appar- 
ently higher  than  the  latter.  The  overlying  Frontier  formation, 
which  is  the  important  coal-bearing  formation  in  Uinta  Coimty,  is 
apparently  barren  here. 

MESAVERDE   FORMATION. 

The  first  important  coal-bearmg  formation  in  this  section  is  the 
Mesaverde,  of  lower  Montana  (Cretaceous)  age.  The  basal  500  to 
1,500  feet  of  this  formation  consist  of  heavy  ridge-making  sandstones, 
which,  so  far  as  known,  are  not  coal  bearing.  Coal  beds  occur  irregu- 
larly throughout  the  remainder  of  the  formation.  The  individual 
beds  are  irregular  and  not  persistent.  The  coal  is,  however,  of  high 
grade,  and  at  the  Larson  mine  a  bed  16  inches  thick  has  been  worked 
and  the  product  hauled  to  Saratoga.  In  T.  19  N.,  Rs.  85-86  W., 
there  has  been  considerable  prospecting  done  on  the  Kindt  coal  bed 
and  several  mines  opened  which  exhibit  the  following  sections: 

Sections  of  coal  beds  in  Mesaverde  formation. 


Location. 
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Mines  have  been  opened  in  sees.  22  and  36,  T.  21  N.,  R.  88  W.,  in 
beds  just  below  the  upper  escarpment  and  500  feet  or  more  above  the 
beds  worked  at  the  Larson  and  Petty  mines.  Workable  beds  have 
been  found  in  the  same  horizon  in  sec.  13,  T.  20  N.,  R.  87  W.,  and 
sec.  19,  T.  20  N.,  R.  86  W.  At  O'Brien  Spring,  in  sec.  9,  T.  24  N., 
R.  85  W.,  coal  is  found  in  the  upper  group  of  sandstones.  At  the 
Fieldhouse  opening,  in  sec.  23,  T.  25  N.,  R.  86  W.,  and  on  upper 
Medicine  Bow  River,  in  sec.  34,  T.  21  N.,  R.  79  W.,  coal  is  found 
immediately  overlying  the  upper  sandstones  in  the  uppermost  part 
of  the  Mesaverde  or  basal  portion  of  the  Lewis.  The  character  and 
thickness  of  the  coal  beds  in  the  middle  and  upper  parts  of  the  coal- 
bearing  portion  of  the  Mesaverde  are  shown  in  the  following  sections: 

Sections  of  coal  beds  in  Mesaverde  formation. 
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LEWIS    FORMATION. 


The  Lewis  formation,  which  overlies  the  Mesaverde,  is  distinguished 
from  that  formation  on  lithologic  grounds  only.  The  Mesaverde  con- 
tains many  sandstones  whicli  produce  a  hilly  region,  but  the  Lewis  is 
composed  of  shale  and  soft  shaly  sandstone  which  produce  a  region  of 
low  relief,  contrasting  markedly  with  the  hilly  area  of  the  Mesaverde. 
This  formation  has  been  found  prolifically  coal  bearing  in  the  region 
south  of  Knapp  and  west  of  O'Brien  Spring,  where  the  following  sec- 
tions were  measured. 


COAL  IN  E.iST-CENTRAL  CARBON  COUNTY,  WYO. 
SeftUmt  of  coal  bed*  in  LtwU  formation. 
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At  Knapp  the  beds  are  overthrust  by  the  iron-bearing  metamor- 
phic  pre-Cambrian  rocks,  and  the  Seminoe  hematite  deposits  are 
thus  luiderlain  by  coal.  The  beds  here  occur  in  a  syncline,  the  north 
limb  of  wliich  is  overturned  and  dips  at  angles  of  110°  to  150°  NE. 
The  south  limb  is  comparatively  flat,  dipping  from  10°  to  15°  (PI, 
XIV). 

"lX>WER    L,\RAMIB." 

The  "  Lower  Laramie  "  beds  are  similar  to  the  Lewis  beds  in  every 
way,  and  like  them  are  coal  bearing.  Their  separation  from  the 
I^ewis  is  of  scientific  interest  only,  and  is  based  on  the  absence  of 
marine  fossils  in  the  "Lower  Laramie"  and  their  presence  in  the 
Ijtiwii.  Coal  has  been  found  in  this  fonnation  at  many  points,  as 
shown  l»y  the  following  sections,  but  has  not  been  extensively  devel- 
ope<l  because  of  the  overshadowing  importance  of  the  coal  in  the 
"Upper  Laramie." 
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"upper  I^RAMIE." 

The  "Upper  Laramie"  is  separated  from  the  "Lower  Laramie" 
by  a  great  unconformity,  which  niarka  one  of  the  important  episodes 
in  the  geologic  historj'  of  this  region.  This  formation  is  proiifically 
coal  bearing,  some  of  the  coal  be^is  reaching  a  thickness  of  more  than 
30  feet.  The  following  sections  illustrate  the  thickness  of  the  "Upper 
Laramie"  coal  beds: 
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STRUCTURE  OF  THE  COAL  FIELDS. 

T)ic  coal-bearing  rocks  in  this  area  occur  in  two  basins,  the  second 
of  whicli  is  separated  into  several  subordinate  basins.  The  first, 
called  the  Kindt  Basin,  is  really  but  a  projecting  portion  of  the  great 
Green  Kiver  Ba.sin  lying  to  the  west,  from  which  it  is  all  but  separated 
hy  the  northward-plunging  anticline  of  the  Sierra  litadre  uplift  and 
the  Rawlins  uplift.  This  basin  has  very  steep  dips,  45°  to  75°,  on  the 
north  side,  and  much  lower  dips  on  the  south.  It  is  somewhat  broken 
by  minor  folds,  such  as  that  producing  the  marked  reentrant  in  the 
southern  border  of  the  Mesaverde  formation  in  T.  10  N.,  R,  87  W. 
(PI.  XIV,  p.  244),  The  eastern  edge  of  the  basin  is  buried  beneath  Ter- 
tiary' deposits,  but  there  are  many  reasons  for  believing  that  the  coal- 
bearing  beds  arc  entirely  separated  from  those  in  the  basin  to  the  east. 

The  second  of  the  two  larger  coal  basins  of  this  area  includes  the 
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region  rimmed  in  on  the  west  by  the  Table,  Haystack,  and  Rattle- 
snake hills.  It  is  separated  by  the  Simpson  Ridge  anticline  into  two 
major  parts,  the  western  of  which  is  called  the  Hanna  Basin  and  the 
eastern  the  Carbon  Basin.  The  Hanna  Basin  is  in  a  general  way  a 
broad  trough  40  miles  long  and  25  miles  wide,  which  shows  minor  folds 
and  faults  in  the  center  and  near  its  edges  some  marked  irregular 
plunging  anticlines,  such  as  (1)  the  St.  Mary  anticline,  extending 
northward  from  Elk  Mountain  to  the  Haystacks,  justr  inside  of  and 
parallel  to  the  southwest  side  of  the  basin,  and  separating  the  Walcott 
basin  of  '^ Lower  Laramie'*  coals  from  the  main  field;  (2)  the  O'Brien 
Spring  anticline,  which  produces  the  semi-isolation  of  the  Seminoe 
field,  and  (3)  the  Simpson  Ridge  anticline,  which  separates  nearly  all 
of  this  basin  from  the  Carbon  Basin. 

The  Carbon  Basin  is  more  irregular  than  the  Hanna  Basin.  Its 
southern  limit  was  not  determined  by  the  work  of  this  party,  but  has 
been  shown  by  the  work  of  parties  under  N.  H.  Darton  to  lie  just 
north  of  Rock  Creek.  This  basin  is  very  irregular  in  outline  and  is 
broken  near  its  center  by  a  slightly  elongate  dome,  which  brings  up 
the  Mesaverde  strata. 

QUAIilTY  OF   COAL.8. 

METHOD  OP  TAKING  SAMPLES. 

Representative  samples  of  coals  were  collected  tliroughout  the  field 
and  were  sent  in  air-tight  cans  to  the  fuel-testing  plant  at  St.  Louis, 
where  they  were  analyzed  under  the  direction  of  F.  M.  Stanton. 

In  order  that  the  results  from  the  samples  collected  by  many  persons 
might  be  entirely  comparable,  all  sampling  was  done  in  accordance 
with  the  general  plan  adopted  by  the  fuel-testing  plant  and  described 
by  M.  R.  Campbell  in  a  letter  of  instructions,  as  follows: 

All  mine  Mamples  should  be  obtained  by  cutting  a  channel  across  a  clean  face  of  the 
coal  bed,  or  acn>ss  such  bench  or  benches  as  it  is  desirable  to  test,  including  everything 
except  partings  and  binders  over  one-fourth  inch  in  thickness  and  lenses  and  concre- 
tions greater  than  2  inches  in  diameter  and  one-half  inch  in  thickness.  The  channels 
should  be  of  such  a  size  as  to  furnish  about  5  pounds  of  coal  per  foot  of  bed,  and  the 
material  thus  obtaincnl  should  be  caught  upon  a  blanket  of  canvas  or  oilcloth  to  keej) 
out  dirt  and  excess  moisture. 

In  order  U)  preserve  the  original  moisture  content  unchanged  the  gn>ss  sample  should 
l>e  j)ulverized  in  the  mine  as  rapidly  as  possible  until  none  of  the  fragments  exceed 
one-half  inch  in  diameter.  The  line  coal  should  then  be*  mixed  thon)Ughly  and  divided 
into  four  equal  quarters.  Opposite  quarters  should  be  thrown  out  and  the  remaining 
portions  thorc^ughly  mixed  and  again  quartered,  throwing  out  opposite  quarters  as 
before.  This  process  should  be  continued  until  the  samj)le  is  reduced  to  a))out  1  quart. 
The  sample  should  then  be  placed  in  a  can,  and  the  latter  sealed  air-tight  before  leaving 
the  mine.  The  geologist  or  sami)ler  shcmld  always  go  provided  with  a  small  roll  of 
adhesive  tape  for  this  purpose,  so  that  there  can  be  no  excuse  for  leaving  the  sample 
unsealed. 
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METHOD  OF  MAKING  ANALYSES. 

It  IS  evident  that  beyond  the  moisture  natural  or  inherent  to  a  coal, 
if  this  indeed  be  a  definite  quantity,  samples  from  a  wet  mine  hermetic- 
ally sealed  in  the  mine  wall  contain  a  great  deal  more  moisture  than 
the  same  coal  from  a  dry  mine.  In  order  that  the  coals  may  be 
readily  compared  it  is  necessary  to  reduce  the  different  samples  to 
something  approaching  the  same  moisture  content.  In  the  early 
work  of  the  fuel-testing  plant  this  was  done  by  exposing  the  pulver- 
ized sample  to  the  air  of  the  laboratory  for  twenty-four  hours,  or  until 
its  weight  became  relatively  uniform,  and  the  loss  on  drymg  was  called 
the  ''air-drying  loss."  This  method  proved  unsatisfactory  because 
of  the  varying  humidity  of  the  room  and  a  new  method  was  adopted, 
which  has  been  briefly  described  by  N.  W.  Lord  as  follows:^ 

In  order  to  make  determinations  of  the  loosely  held  moisture  more  uniform  and 
definite,  a  special  drying  oven  has  been  designed  and  introduced  into  the  lal)oratory; 
in  this  oven  samples  of  several  pounds  weight  c^n  be  dried  in  a  gentle  current  of  air 
raised  from  10*^  to  20°  above  the  temperature  of  the  laboratory.  In  this  way  the  coal 
is  air  dried  in  an  atmosphere  with  a  very  low  dew-point  and  not  subject  to  large  per- 
centage variatioiLs,  and  the  results  obtiiined  are  considerably  more  concordant. 
Another  advantage  of  this  method  is  that  it  greatly  shortens  the  time  of  air  drying, 
so  that  the  samples  can  be  prepared  in  much  less  time  than  formerly. 

In  other  respects  the  chemical  analyses  here  reported  were  made  in 
the  same  general  way  as  those  described  in  the  first  report  of  the  fuel- 
testing  plant.'' 

ANALYSES. 

The  analytical  results  are  presented  below  in  two  sets  —one  giving 
the  result  of  analysis  of  samples  as  received  in  the  laboratory,  con- 
taining all  the  moisture;  the  seco^id,  wliich  is  calculated  from  the 
first,  giving  the  result  expressed  in  terms  of  the  air-dried  sample,  that 
is,  one  lacking  the  moisture  wliich  in  that  particular  sample,  under  the 
conditions  of  the  analysis,  was  lost  in  air  drj^ing.  The  analyses  are 
grouped  according  to  the  geologic  age  of  the  beds  sampled. 

a  Bull.  U.  S.  (ieol.  Survey  No.  2tK),  190(i.  pp.  29,  30. 

b  Prof.  Paper  U   S.  Gcol.  Survey  No.  48,  pt.  1,  19W'»,  pp.  174-192. 
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COMPARATIVE  VALUE  OF   COALS. 

The  coals  of  this  field  range  from  poor  to  high-grade  bituminous. 
They  are  as  a  rule  bright,  brittle,  and  noncoking.  The  best  coals 
in  the  area  are  found  in  the  Mesaverde  formation,  which  contains 
the  high-grade  coals  of  the  Routt  County,  Colo.,  field.  These  Mesa- 
verde coals  are  not  so  good  as  the  Benton  coals  of  Uinta  County, 
Wyo.,  mined  at  Cumberland,  Diamond ville,  and  Frontier,  and  are 
perhaps  inferior  to  the  coal  at  Rock  Springs,  Wyo.  The  coals  of  the 
'*  Upper  Laramie,^'  extensively  mined  at  Carbon  and  Dana,  are  dis- 
tinctly inferior  to  the  Cumberland  and  Rock  Springs  coal,  though 
superior  to  much  of  the  coal  of  Laramie  age  in  northeastern  Wyoming 
and  eastern  Montana.  '  The  coal  mined  at  Carbon  was  rather  dirty, 
and  the  much  cleaner  coal  at  Dana  proved  so  light  that  in  the  forced 
draft  of  the  railroad  locomotive  it  nearly  all  went  out  of  the  smoke- 
stack, covering  the  cars  with  showers  of  sparks.  After  several  years, 
in  which  it  suflFered  many  disastrous  car  fires,  the  railroad  was  forced 
to  abandon  the  use  of  coal  from  this  mine.  The  Hanna  coal  is  now 
extensively  and  satisfactorily  used  in  the  locomotives  of  the  Union 
Pacific  Railroad. 

HISTORY  OF  DBVEIiOPMENT. 

Coal  was  found  in  this  area  by  Fremont  in  1843  on  Platte  River, 
near  the  mouth  of  Sage  Creek,  at  the  point  now  known  as  Coal  BluflFs." 
In  1856  Lieut.  F.  T.  Bryan,  of  the  topographic  corps  of  the  United 
States  Army,  surveyed  a  road  from  Fort  Riley  to  Bridger  Pass.  He 
was  accompanied  by  H.  Engelmann,  geologist,  and  they  reported 
coal  not  only  on  Platte  River  but  north  of  the  present  village  of  Elk 
Mountain,  near  Medicine  Bow  River.  Bryan  reports  that  on  August 
18,  1856,  they  encamped  for  a  few  days  on  an  island  in  Platte  River, 
**to  rest  our  animals  and  burn  coal  for  the  forge.'^**  The  coal  beds 
opened  at  this  time  were  mined  in  a  desultory  way  by  emigrants  and 
by  the  Overland  Stage  Company,  whose  stage  ran  across  the  southern 
portion  of  this  territory  from  the  summer  of  1862  until  a  short  time 
after  the  completion  of  the  Union  Pacific  Railroad. 

Regarding  the  commercial  development  of  coal  in  this  region, 
George  R.  Black,  superintendent  of  the  Union  Pacific  Coal  Company, 
states: 

The  first  mines  opened  in  Carbon  County,  Wyo.,  and  worked  to  any  extent,  were 
opened  by  this  company  in  1868  at  and  near  the  town  of  Carlwn,  the  last  one  being 
abandoned  in  1902.  There  were  seven  of  them.  While  the  coal  is  not  of  the  best,  it 
is  quite  certain  the  mines  in  that  vicinity  would  still  be  working  had  not  the  main 
line  of  the  Union  Pacific  Railroad  passing  through  Carlxm  been  vacated  and  taken 

a  Fremont,  J.  C.  Rept.  Expl.  Exped.  Rocky  Mts.  in  1842,  and  to  Oregon  and  North  California  in 
1843  and  1844,  Washington.  1845,  p.  126. 
tf  Thirty-fifth  Cong.,  Ist  sesa  ,  Hoase  Ex.  Doo.,  vol.  2.  No.  2, 1858,  p.  462. 
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farther  to  the  north,  where  it  passes  through  the  Hanna  coal.  The  mines  at  Dana, 
Carbon  County,  were  opened  in  1889  and  abandoned  in  1891  on  account  of  the  coal 
sparking  too  badly  lor  locomotive  use.  Hanna  mines  were  opened  in  1890  and  are 
still  in  operation. 

ECONOMIC  CONDITIONS. 

Coal-mining  operations  in  Carbon  County  are  at  present  conducted 
almost  wholly  for  the  purpose  of  supplying  coal  to  the  Union  Pacific 
Railroad,  it  being  stated  that  of  the  yearly  output  of  the  Hanna 
mines,  350,000  to  400,000  tons,  90  per  cent  or  more  is  consumed  by 
the  railroad.  The  natural  commercial  market  for  coal  from  this 
section  is  limited  on  the  east  by  Omaha,  on  the  west  by  Rawlins,  on 
the  north  by  the  Black  Hills,  and  on  the  south  by  Denver.  The 
western  outlet  is  to  a  large  degree  blocked  to-day  by  the  higher-grade 
coals  of  Sweetwater  and  Uinta  counties.  At  Denver  the  Carbon 
County  coals  come  into  competition  with  the  Colorado  coals,  at 
Omaha  with  the  Interior  basin  Carboniferous  coals,  and  at  the  Black 
Hills  with  the  Newcastle  and  Sheridan  coals. 

During  1906  the  Hanna  mines  shipped  three  or  four  carloads  of 
dust  a  week  (including  all  that  passed  through  a  |-inch  screen)  to 
brick  •manufacturers  in  the  neighborhood  of  Omaha.  This  dust  is 
mixed  with  the  brick  clay  and  is  reported  not  only  to  aid  in  the  proper 
burning  of  the  brick,  but  to  result  in  decreasing  the  weight  of  the 
finished  product. 

The  only  prospective  local  demand  for  coal  is  in  connection  with  the 
development  of  the  metalliferous  deposits  in  the  surrounding  ranges, 
and  in  this  respect  the  coal  is  something  of  an  untried  quantity. 
The  iron  deposits  in  the  Seminoe  region  are  very  favorably  situated 
with  reference  to  coal  deposits,  and  with  railroad  facilities  will 
undoubtedly  be  developed.  It  is  not  anticipated  that  the  coal  will 
make  high-grade  coke.  The  development  of  the  precious-metal 
deposits  in  the  Seminoe  and  Ferris  mountains  promises  some  day  to 
make  a  local  fuel  market.  The  Encampment  region  is  at  present 
supplied  with  coal  from  the  field  which  lies  just  west  of  the  Sierra 
Madre,  but  with  the  completion  of  the  railway  from  Walcott  to 
Encampment  easy  transportation  of  coal  from  the  central  Carbon 
County  field  will  be  afforded. 
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The  western  portion  of  the  Laramie  Basin  is  occupied  largely  by 
shales  and  sandstones  which  include  several  beds  of  coal.  This  coal 
has  been  mined  to  a  small  extent  for  local  use  and  may  in  future  have 
greater  economic  importance.  The  beds  are  not  well  exposed,  for 
much  of  the  region  is  overlain  by  Quaternary  and  Tertiary  deposits,  so 
that  the  extent  and  stratigraphy  of  the  coal-bearing  rocks  could  not 
be  fully  ascertained.  The  coal  beds  range  in  thickness  from  a  few 
inches  to  6  feet  or  more  and  occur  at  several  horizons.  They  appear, 
however,  to  be  irregular  in  their  distribution,  in  many  localities 
giving  place  to  carbonaceous  shale  or  thinning  out  entirely. 

One  of  the  first  mines  in  Wyoming  was  opened  by  the  stage 
company  in  1865,  near  the  old  overland  trail  crossing  Rock  Creek. 
The  coal  was  used  for  blacksmithing  in  the  vicinity  of  the  opening 
and  also  carriiBd  to  other  places  for  the  same  purpose. 

On  Rock  Creek  the  Diamond  Cattle  Company  has  an  opening  in 
sec.  7,  T.  19  N.,  R.  78  W.,  in  6  feet  of  coal.  The  product  in  1904  was 
200  tons,  which  sold  at  $2  a  ton. 

The  massive  sandstone  of  Pine  Ridge  is  overlain  by  a  bed  of  coal 
which  has  been  opened  in  a  number  of  localities  and  at  one  place 
mined  somewhat  extensively.  ^  The  easternmost  opening  on  this  bed 
is  in  the  SE.  i  sec.  7,  T.  20  N.,  R.  75  W.,  on  the  continuation  of  Pine 
Ridge  and  just  east  of  the  old  location  of  the  Union  Pacific  Railroad, 
2  miles  northeast  of  Harper.  The  coal  bed  is  reported  to  have  a 
thickness  of  5  feet.  Nothing  could  be  learned  as  to  the  amount  mined 
or  the  quality  of  the  coal. 

Another  bed  of  coal  has  been  prospected  a  mile  northwest  of  Harper 
station,  at  a  horizon  several  hundred  feet  above  that  of  the  Pine 
Ridge  coal,  but  apparently  the  results  were  not  satisfactory,  for  no 
mining  was  done. 

Coal  shows  at  intervals  along  Pine  Ridge  west  of  Harper,  and  it  was 
worked  to  a  small  extent  in  the  SE.  J  sec.  16,  T.  20  N.,  R.  76  W. 
Here  the  coal  has  about  the  same  thickness  and  quality  as  in  other 
openings  on  this  bed.  The  dip  of  all  the  outcrops  in  this  area  is  to 
the  south  at  angles  of  10°  to  15°. 
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Coal  is  exposed  near  the  middle  of  the  north  side  of  sec.  21,  T.  20  N., 
R.  77  W.,  dipping  southward  at  an  angle  of  5°  to  8°.  It  is  more  than 
7  feet  thick  and  appears  to  be  a  bright,  clean  coal.  Apparently  it  is 
at  a  horizon  several  hundred  feet  below  the  coal  bed  in  Pine  Ridge. 
Coal  is  reported  1  mile  north  of  this  place  in  the  bluff  on  the  north 
side  of  Rock  Creek.  It  is  associated  with  a  heavy  white  sandstone 
which  forms  a  short  ridge  similar  to  the  main  Pine  Ridge.  The  beds 
dip  to  the  north,  as  they  are  on  the  north  side  of  the  Rock  River 
anticline.  This  coal  is  believed  to  be  at  the  same  horizon  as  that  in 
Pine  Ridge. 

The  following  section  is  reported  in  a  well  on  the  Empire  ranch  on 
Dutton  Creek,  in  the  NE.  J  SW.  i  sec.  27,  T.  19  N.,  R.  77  W.  It  was 
sunk  for  Judson  Sutphin  &  Co.  in  1889. 

Log  of  well  at  Empire  ranch. 

Feet. 

Sand  and  gravel 43 

Soapstone,  sand,  and  gravel  in  layers  10  to  25  feet  thick 332 

Sandstone  with  two  small  beds  of  coal 00 

Soapstone •  40 

Coal 8 

Sandstone 13 

Slate 4 

Coal 8 

Slate 2J 

Coal . . : 7i 

Doubtless  the  coal  beds  reported  in  this  well  are  those  mined  2J 
miles  farther  northwest.  The  coal  borings  from  this  well  were 
analyzed  by  M.  Delafontaine  in  1890,  with  the  following  results: 

Analy»i8  of  coal  borings  from  well  at  Empire  ranch. 

Specific  gravity,  1.51. 

Water  (at  212^  F.) 4. 84 

Volatile  matter;  bright,  long  flame 37. 10 

Fixed  carbon 50. 54 

Ash,  light-fawn  color 7. 52 

100.00 

The  coal  is  noncoking.  The  large  amount  of  ash  appears  to  be  due  to  some  slate 
fragments  intermixed. 

In  the  NE.  J  sec.  18,  T.  19  N.,  R.  77  W.,  is  the  abandoned  Terry 
Fee  mine,  the  **  Dutton  or  Cooper  Creek  mine^'  of  the  early  reports. 
The  coal  worked  here  is  said  to  have  ranged  from  6  to  7  feet  in  thick- 
ness and  was  a  good  bright  coal,  burning  with  much  white  ash  but 
no  cinders.  The  roof  is  of  white  sandstone  with  a  few  inches  of  shale 
just  over  the  coal.  The  dip  as  measured  from  present  exposures  is  8° 
E.  The  workings  extend  into  the  hill  400  to  500  feet,  but  the  mine 
has  long  been  abandoned.     It  is  claimed  that  beneath  this  coal  bed 
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and  separated  from  it  by  8  feet  of  shale  there  is  another  bed  7  feet 
thick.  This  is  in  accord  with  the  succession  reported  in  the  log 
of  the  Empire  ranch  well,  located  2 J  miles  farther  southeast. 

Several  outcrops  of  coal  are  reported  2  miles  northeast  of  the 
Terry  Fee  mine,  in  sec.  4,  T.  19  N.,  R.  77  W.,  in  the  valley  of  Coal- 
bank  Creek.  The  Monarch  mine,  which  is  worked  from  time  to 
time,  is  situated  in  the  SW.  \  sec.  8,  T.  19  N.,  R.  77  W.  The  coal 
was  found  to  be  5  feet  thick  and  dips  south  of  east  at  an  angle  of 
about  4°.  The  coal  appears  to  be  of  good  quality.  The  roof  is 
of  shale  and  stands  well.  The  entry  was  driven  about  200  feet  into 
the  hill,  and  several  rooms  were  turned  oflF  from  it.  The  chief  market 
for  the  product  of  this  mine  and  that  of  the  Terrj^  Fee  mine  was  tor 
local  use  on  ranches  and  in  the  town  of  Laramie."  A  production  of 
500  tons,  which  sold  at  $2  a  ton,  was  reported  in  1904. 

Coal  outcrops  near  the  center  of  sec.  20,  T.  19  N.,  R.  77  W.  The 
deposit  is  2  to  3  fe^t  thick  and  consists  of  several  8-inch  to  10-inch 
beds  of  coal  separated  by  bone.  The  dip  is  15°  SE.  This  bed  appears 
to  be  at  a  somewhat  higher  horizon  than  the  coal  of  Pine  Ridge  and 
possibly  may  be  correlated  with  the  unsuccessful  prospect  a  mile 
northwest  of  Harper  station. 

An  anticline  trends  due  south  from  the  mines  above  mentioned, 
forming  sharp  north-south  ridges  in  the  vicinity  of  Cooper  Creek 
Cove.  In  the  southeast  comer  of  sec.  17,  T.  18  N.,  R.  77  W.,  on 
the  east  side  of  this  anticline,  a  heavy  white  sandstone  outcrops 
with  a  dip  of  40°  E.,  which  probably  is  the  same  bed  as  that  which 
constitutes  Pine  Ridge.  No  coal,  however,  has  been  reported  in  the 
vicinity  of  this  sandstone. 

About  3  miles  farther  southwest,  on  the  west  side  of  this  anticline, 
in  the  NE.  }  sec.  6,  T.  17  N.,  R.  77  W.,  coal  outcrops  along  the 
road.  It  dips  to  the  west  beneath  the  ridge  and  may  be  either  one 
of  the  coals  above  the  sandstone  of  Pine  Ridge.  It  is  reported  that 
coal  outcrops  appear  at  intervals  along  this  line  to  Centennial  Valley, 
but  none  of  them  were  definitely  located. 

In  digging  a  deep  well  at  Mill  Brook  coal  was  encountered  at  300 
feet  in  two  beds,  one  6  feet  and  the  other  3  feet  thick. 

The  following  are  the  available  analyses  of  coal  from  this  region : 

Reported  analyses  of  coals  in  the  Laramie  Basin. 


Locality. 


Brown  mine,  Dutton  Creek. 

Do 

Cha.sG  mine,  Mill  Creek 

Rock  Creek  mine 

Rock  Creek  mine,  1904 


Water. 

Volatile 
matter. 

36.85 
34.fi5 
34.50 
34.90 
32.40 

Fixed 
carbon. 

Ash. 

0.00 
6.20 
r>.25 
11.00 
0.40 

11.2.5 
11.85 
14.50 
14.40 
11.50 

45.00 
47.30 
44.75 
39.70 
49.70 

Sulphur. 


a  Trumbull,  L.  W.,  Coal  resources  of  Wyoming:  Bull.  Univ.  Wyoming,  No.  7,  1005. 
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1.25 
1.03 


COAL  FIELDS  OF  THE  DANFORTH  HILLS  AND  GRAND 
HOGBACK  IN  NORTHWESTERN  COLORADO.' 


Bv  IIoYT  S.  Gale. 


liOCATION. 


The  coal  fields  of  the  Danforth  Hills  and  the  Grand  Hogback  are 
situated  in  the  northwestern  part  of  Colorado,  in  the  counties  of 
Routt,  Rio  Blanco,  and  Garfield.  The  territory  here  described  is 
only  a  part  of  a  much  larger  field,  the  Colorado  portion  of  which  has 
hitherto  been  frequently  referred  to  as  the  Grand  River  coal  field. 

The  Danforth  Hills  field  lies  north  of  White  River,  west  of  the 
White  River  plateau,  south  of  Axial  Basin,  and  east  of  the  valley  of 
Strawberry  CVeek  and  its  extension  toward  the  north.  This  valley 
is  fixed  as  the  western  limit  to  the  coal  field  because  the  coal-bearing 
strata  dipping  in  that  direction  pass  beneath  it  to  so  great  a  depth 
that  they  can  not  be  considered  as  workable  beyond  this  line.  The 
Grand  Hogback  is  a  long  monoclinal  ridge  lying  mainly  between 
Grand  and  White  rivers,  containing  a  relatively  narrow  belt  of  the 
outcropping  coal  strata  which  forms  the  southern  extension  of  the 
Danforth  Hills  field.  It  crosses  White  River  near  Meeker,  Rio 
Blanco  County,  extends  due  south  from  this  point  for  about  20 
miles,  and  then  southeast  for  a  similar  distance,  crossing  Grand  River 
at  the  town  of  Newcastle. 

A  westward  extension  from  the  Danforth  Hills  coal  field  north  of 
White  River  lies  along  the  southern  flanks  of  the  Yampa  Plateau,  or 
Blue  Mountain,  as  it  is  locally  known,  reaching  across  the  State  line 
into  Utah,  beyond  which  comparatively  little  is  known  of  the  district 
as  a  coal  field. 

ACCESSIBIL.ITY. 

The  valley  of  Grand  River  is  at  present  the  principal  route  by  which 
travel  and  commerce  reach  northwestern  and  western  Colorado  from 
the  east.     It  is  now  the  route  of  the  only  railroads  in  Colorado 

a  The  present  paper  is  n  preliminary  report  of  an  investigation  conducted  in  the  summer  of  lOOG.'  The 
m«^l)er8  of  the  field  parly  were  Arthur  K.  Adams.  Albert  L.  Boekly,  Ralph  D.  Cmwford,  and  the 
writer.  A  more  complete  report  containing  a  detailed  contoured  map  of  the  coal  fields  wiU  be  published 
later  as  a  bulletin  of  the  United  States  Geological  Survey. 
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approaching  the  coal  fields  here  described.  A  projected  line  of  the 
Denver,  Northwestern  and  Pacific  Railway  passes  through  Routt 
County,  and  is  now  (spring,  1907)  in  process  of  construction  from 
Middle  Park  by  way  of  Gore  Canyon  across  to  the  Yampa  Valley, 
with  apparently  everj"  likelihood  of  completion  in  the  near  future,  at 
least  as  far  as  Steamboat  Springs.  This  road,  if  constructed  down 
Yampa  River,  will  open  up  a  large  coal  field.  A  great  part  of  the 
Danforth  Hills  and  lower  White  River  coal  fields  will,  however,  even 
then  be  almost  as  f aji  removed  from  routes  of  transportation  as  they 
are  at  present  from  the  railroads  on  Grand  River.  The  only  com- 
mercial developments  of  any  considerable  extent  lying  within  the 
field  of  this  report  are  those  at  Newcastle  and  east  and  southeast  of 
that  point,  all  of  which  are  reached  by  branch  lines  from  the  railroads 
on  Grand  River.  Among  these  producing  locaUties  may  be  men- 
tioned the  Newcastle,  South  Canyon,  Black  Diamond,  Pocahontas. 
Midland,  Sunlight,  Spring  Gulch,  and  Coalbasin  mines. 

STRATIGR^VPIIY. 

AGE  OP  COAL-BEARING  ROCKS. 

The  coal  beds  occur  in  a  series  of  sandstones  and  sandv  shales  that 
were  mapped  by  the  geologists  of  the  Hay  den  Survey  as  the  combined 
Fox  Hills  and  Laramie  groups  of  the  Cretaceous.  In  the  reports  of 
the  early  investigators  statements  are  made  to  the  effect  that  no 
definite  distinction  can  be  made  between  the  strata  of  these  two 
formations  and  that  the  limits  of  the  groups  of  strata  as  then  defined 
were  purely  arbitrary  and  were  made  for  the  purpose  of  applying  a 
classification  adapted  to  other  fields.  The  investigations  in  the 
Yampa  coal  field  in  1905  **  led  to  the  conclusion  that  the  subdivisions 
previously  made  could  not  be  applied  to  the  sequence  of  rock  forma- 
tions that  occur  in  that  field,  and  names  proposed  by  Whitman 
Cross  *  for  a  similar  sequence  of  Cretaceous  beds  in  the  San  Juan 
Mountains  region  were  adopted.     These  are  as  follows: 


Upper  Cretaceous. 


Laramie  formation. 
Lewis  shale. 
Mesaverde  formation. 
Manoos  shale. 
Dakota  sandstone. 


South  of  the  anticlinal  axis  which  separates  the  Yampa  basin  from 
the  Danforth  Hills  coal  field  the  sequence  of  formations  including  the 
coal-bearing  rocks  apparently  does  not  correspond  to  that  of  the 
Yampa  field.  While  two  distinct  coal-bearing  formations,  the 
Laramie  and  the  Mesaverde,  are  present  in  the  Yampa  field,  separated 

aFenneman.  N.  M.,  and  Gale,  H.  S.,  The  Yampa  coal  field,  Routt  County,  Colo.:  Bull.  U.  S.  Geol. 
Survey  No.  297. 1906.  * 

b  Descriptioii  of  the  La  Plata  district:  Geologic  Atlas  U.  S.,  folio  00,  U.  S.  Geol.  Survey.  1899. 
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by  a  thick  body  of  shale,  there  appears  to  be  but  a  single  series  of 
strata  containing  coal  beds  in  the  southern  field,  and  the  evidence  at 
hand  points  strongly  to  the  equivalence  in  age  of  this  single  series 
with  the  older  of  the  coal-bearing  formations  developed  farther  north. 
There  can  be  but  little  question  that  the  base  of  the  coal-bearing 
strata  in  the  Danforth  Hills  field  and  the  base  of  the  Mesaverde 
formation  in  the  Yampa  field  are  of  equivalent  geologic  age,  a  conclu- 
sion based  on  the  evidence  of  the  fossils  which  these  strata  (contain 
and  the  almost  unmistakable  structural  relations  as  shown  in  Axial 
Basin,  where  the  coal-bearing  strata  of  the  two  fields  are  separated 
by  an  interval  of  only  3  or  4  miles  across  an  anticlinal  valley. 

The  question  as  to  what  constitutes  the  Laramie  formation  has 
long  been  a  source  of  doubt  and  dispute.  As  stated  above,  the  geol- 
ogists of  the  Hayden  Survey  mapped  the  upper  part  of  the  strata  of 
the  Danforth  Hills  and  Grand  Hogback  as  of  Laramie  age.  A  few 
fossils  were  collected  during  the  present  investigation  that  seem  to 
corroborate  this  earlier  determination,  as  based  on  the  definitions 
that  were  then  accepted  of  the  Laramie  formation.  The  fact  remains, 
however,  that  the  coal-bearing  rocks  in  the  Danforth  Hills  and  Grand 
Hogback  are,  for  all  practical  purposes,  a  stratigraphic  and  Uthologic 
unit  without  any  recognized  break  or  unconfonnity. 

THE  GOAL-BEARING  ROCKS. 

The  coal-bearing  strata  of  the  fields  here  discussed  are  distinct  in 
character  from  both  the  overlying  and  underlying  formations.  They 
are  massive  ledge-making  sandstones,  together  with  thinner-bedded 
sandstones  and  sandy  shales  and  coal  beds.  This  group  of  strata 
usually  forms  ridges  or  mountains  because  the  sandstone  members 
offer  relatively  greater  resistance  to  erosion  than  either  the  overlying 
or  underlying  shale.  The  coal-bearing  rocks  attain  a  thickness  of 
approximately  a  mile. 

Details  of  the  stratigraphic  sections  vary  from  place  to  place,  as  do 
also  the  thickness  and  quality  of  individual  coal  beds,  but  a  few  general 
characteristics  are  found  to  persist  in  or  dominate  certain  horizons, 
although  all  the  minor  characteristics  varj^  greatl}^  in  detail.  These 
features  are  illustrated  in  a  set  of  measured  stratigraphic  sections 
taken  in  various  parts  of  the  field  (PI.  XV). 

The  base  of  the  coal-bearing  rocks  is  in  general  sharply  defined  by 
the  lowest  conspicuous  sandstone  ledge,  but  in  places  there  is  a  tran- 
siti(;n  from  the  prevailing  sandy  rocks  above  into  shaly  strata  below. 
In  the  present  mapping  the  base  of  the  coal-bearing  group  of  rocks 
is  drawn  at  the  horizon  of  the  lowest  sandstone  in  the  main  escarp- 
ment that  characterizes  the  outcrop  of  these  beds  where  they  face  the 
valley  formed  upon  the  underlying  shale.  The  scattering  beds  of 
sandstone  that  occur  below  the  main  escarpment  show  as  minor  and 
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separate  ridges  within  the  valley  area.  A  good  example  of  one  of 
these  outlying  ridges  extends  northeastward  from  Meeker,  lying 
parallel  to  the  principal  escarpment  front. 

The  lower  800  to  1,500  feet  of  these  sandstones  and  shales  is  more 
prominent  as  a  ridge  maker  than  the  upper  members  of  the  coal- 
bearing  strata,  but  in  most  localities  the  majority  of  the  principal 
coal  beds  are  grouped  immediately  above  that  horizon.  In  the 
vicinity  of  Axial  Basin  the  base  of  the  principal  group  of  coal  beds 
is  marked  by  a  massive  white  sandstone  which  may  be  readily  traced 
in  outcrop  along  the  ridges  as  a  conspicuous  white  ledge.  This  is 
locally  referred  to  as  the  "white  rock"  and  is  apparently  a  very  per- 
sistent stratum  around  a  large  part  of  the  Danforth  Hills. 

Coal  beds  almost  invariably  show  above  the  "white  rock,"  either  as 
weathered  streaks  of  carbonaceous  material  or  more  generally  as 
bands  of  reddened  and  baked  rock  or  slag,  where  the  coal  has  been 
burned.  Higher  in  the  series  the  coal  beds  are  scattered  irregularly, 
and  they  vary  from  place  to  place  so  that  individual  sections  show 
great  variations  in  the  number  and  grouping  of  the  coal  beds.  The 
massive  sandstone  ledges  are  by  far  the  most  conspicuous  features, 
in  many  places  masking  by  their  d6bris  the  intervening  strata  that 
are  composed  of  weaker  rocks. 

The  coal-bearing  rocks  appear  to  merge  into  the  shale  or  marl  of  the 
supposed  Wasatch  beds  above.  Scattering  sandstone  beds  occur 
among  the  varicolored  beds  of  clay  or  marl  overlying  the  coals,  and 
many  of  these  are  so  similar  to  the  coal-bearing  rocks  as  to  be  indis- 
tinguishable from  them.  There  is,  however,  a  very  persistent  bed 
of  coarse  conglomerate  or  loose  bowlders  near  the  top  of  the  coal- 
bearing  strata  and  below  the  varicolored  beds  of  the  supposed  Wasatch, 
which  probably  marks  an  unconformity  in  the  beds — an  erosional 
time  break  during  the  deposition  of  the  sediments.  The  conglomerate 
is  therefore  assumed  to  mark  the  boundary  between  the  two  forma- 
tions, or,  in  fact,  between  Cretaceous  and  Terticuy  strata. 

The  accompanying  table  is  a  summary  of  the  probable  correlation, 
measured  thicknesses,  description,  and  topographic  expression  of  the 
groups  of  strata  which  occur  in  or  immediately  adjacent  to  the  coal 
field,  arranged  in  the  order  of  their  geologic  age. 
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STRUCTURE. 

UINTA  AND  GREEN  RIVER  BASINS. 

The  coal  fields  of  northwestern  Colorado  are  contained  in  two 
broad  structural  basins  or  depressions  of  the  rock  strata,  surrounded 
by  areas  of  older  rocks  which  are  relatively  uplifted.  The  northern 
of  these  two  is  the  Green  River  Basin,  the  greater  part  of  wliich  lies 
in  Wyoming,  but  which  extends  into  Colorado  to  the  headwaters 
of  Yampa  River.  The  Uinta  Basin  is  separated  from  the  Green  River 
Basin  by  the  Uinta  Mountain  anticUnal  axis,  which  reaches  eastward 
through  Axial  Basin  into  the  White  River  plateau  and  the  western 
spurs  of  the  Rocky  Mountain  system.  The  Uinta  Basin  lies  south 
of  the  Uinta  Mountains,  extends  to  the  Rocky  Mountains  and  their 
foothills  on  the  east,  and  is  terminated  on  the  south  by  the  uplifts 
of  the  La  Sal  Mountains  and  the  San  Rafael  Swell.  It  extends  west- 
ward to  the  Wasatch  Range  in  Utah.  The  Uinta  Basin  in  Colorado 
includes  an  area  of  approximately  7,000  square  miles. 

These  two  basins  outline  the  dominant  geologic  structure  of  nearly 
the  whole  of  northwestern  Colorado.  They  are  in  the  form  of  broad 
S3mclinal  folds  or  troughs,  narrowing  to  an  apex  toward  the  south- 
east. Within  this  Stat^  their  longer  axes  are  approximately  parallel, 
extending  from  southeast  to  northwest.  The  coal-bearing  rocks 
outcrop  in  practically  continuous  rims  around  the  borders  of  the 
basins  where  they  have  not  been  buried  by  later  formations,  and  the 
strata  dip  toward  the  interior  of  the  basins,  probably  extending  to 
great  depths  beneath  the  younger  and  overlying  deposits.  Thus  the 
coal  fields  actually  available  are  limited  for  the  most  part  to  the  terri- 
tory adjacent  to  the  outcropping  coal  beds. 

That  part  of  the  eastern  rim  of  the  Uinta  Basin  which  was  exam- 
ined during  the  past  year  extends  from  the  Danforth  Hills  southward 
to  Grand  River.  In  the  Danforth  Hills  the  exposure  of  the  coal-bear- 
ing beds  is  broad,  for  their  outcrop  is  repeated  by  minor  folds.  South 
of  the  Danforth  Hills  the  coal  strata  extend  in  a  narrow  outcrop  of 
steeply  incHned  beds  known  as  the  Grand  Hogback  from  Wliite 
River  to  Grand  River,  a  distance  of  43  miles.  South  of  Grand  Rivpr 
the  Grand  Hogback  continues  in  a  southeasterly  and  southerly  direc- 
tion, disappearing  as  a  monocUnal  ridge  in  the  high  and  rugged  dis- 
trict of  the  West  Elk  Mountains.  Coal  croppings  may  be  followed 
with  some  brief  interruptions  southward  from  the  Vicinity  of  Glen- 
wood  Springs  on  Grand  River  across  the  main  divide  to  the  tributary 
valleys  of  Gunnison  River.  Near  the  well-known  anthracite  locality 
at  Crested  Butte  the  strata  lie  nearly  horizontal,  forming  the  extreme 
southeastern  apex  along  the  longer  axis  of  the  Uinta  Basin. 
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MINOR  FOLDS  OF  THE  COAL-FIELD  STRATA. 

The  Danforth  Hills  field  is  composed  of  a  complex  system  of  folds 
by  which  the  strata  are  bent  into  irregular  anticlines  and  synclines. 
The  beds  lie  tilted  against  the  older  rocks  on  the  north,  east,  and 
south  and  plunge  beneath  the  younger  formations  toward  the  west. 
On  all  sides  except  the  west  the  edge  of  the  coal  field  is  marked  by  a 
much-dissected  monoclinal  ridge  presenting  an  escarpment  front 
toward  the  surrounding  valleys  and,  where  not  further  complicated, 
either  a  gentler  back  slope  toward  the  interior  of  the  field  or  a  more 
gradual  rise  toward  the  higher  summits. 

In  the  Danforth  Hills  the  present  divide  between  White  and  Grand 
rivers  follows  approximately  the  crest  or  axis  of  the  principal  anticlinal 
fold,  in  which  the  strata  dip  more  steeply  on  the  southern  than  on  the 
northern  limb.  Toward  the  northwest  end  of  this  region  erosion  has 
removed  the  coal-bearing  rocks  on  the  northern  limb  of  the  fold,  and 
only  the  southern  half  remains,  forming  a  monoclinal  ridge  that  con- 
stitutes the  westward  extension  of  the  Danforth  Hills  coal  field. 
Along  the  crest  of  this  principal  anticline  erosion  has  removed  the 
upper  mcnibers  of  the  coal-bearing  rocks,  and  some  of  the  deeply 
eroded  canyons  or  gulches  in  that  part  of  the  district  are  cut  through 
the  lower  principal  group  of  coal  beds,  as  indicated  on  the  geologic 
map  (PI.  XVI). 

On  the  north  side  of  the  divide  the  spurs  reaching  out  toward  Axial 
Basin  and  Yampa  River  extend  across  a  broad  syncline  parallel  and 
coordinate  with  the  anticline  of  the  main  divide.  A  long,  gentle 
northerly  dip  of  the  strata  is  abruptly  terminated  near  Axial  Basin 
by  the  sharp  upturn  of  the  beds  at  the  edge  of  the  Axial  Basin  anticline. 

These  folds,  which  may  be  traced  the  length  of  the  field,  are  com- 
plicated by  cross  folds,  giving  to  the  whole  the  effect  of  minor  domes 
and  basins.  A  depression  of  this  kind  follows  the  valley  of  Morgan 
Creek,  producing  an  inclosed  minor  basin,  with  correspondingly 
uplifted  areas  bordering  it  on  all  sides.  Sharp  folding  of  the  strata  in 
the  northeastern  extremity,  of  the  field  near  Thomburg  Mountain 
has  produced  another  narrow  structural  basin  inclosed  by  steeply 
dipping  beds  on  all  sides  but  the  west.  These  subordinate  structures 
are  difficult  of  description  and  can  best  be  interpreted  from  the  dips 
of  the  strata  as  plotted  on  the  map. 

Probably  the  most  marked  and  readily  recognizable  structural 
feature  of  the  Danforth  Hills  coal  field  is  the  synclinal  axis  extending 
from  east  to  west  across  the  upper  valleys  of  Sulphur,  Curtis,  and 
Coal  creeks.  This  axis  is  apparent  in  the  V-shaped  ledges  that  show 
in  the  divide  west  of  the  stage  road  in  the  vicinity  of  the  Harp  & 
Moulton  ranch  on  Curtis  Creek.     The  open  valley  lands  of  upper 
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Sulphur  and  Curtis  creeks  and  the  Ninemilc  Draw  are  eroded  from  the 
weaker  shaly  strata  that  outcrop  along  the  axis  of  this  syncline. 
Farther  east  the  fold  crosses  Coal  Creek  and  terminates  at  the  south- 
east end  of  the  Danforth  Hills  field.  To  the  west  the  two  limbs  of 
the  Sulphur  Creek  syncline  spread  sharply  at  Strawberry  Yalley,  the 
northern  limb  forming  the  western  border  of  the  Danforth  Hills  field, 
the  southern  limb  continuing  across  Wliite  River  as  a  monocline, 
already  described  as  the  Grand  Hogback  ridge. 

FAULTS. 

The  stnicturc  of  this  region  is  affected  only  in  a  very  subordinate 
way  by  faults.  In  the  absence  of  readily  distinguishable  beds  or 
horizon  markers  among  the  coal-bearing  strata,  and  by  reason  of  the 
similarity  of  the  various  members  of  this  group  of  strata,  minor 
slips  or  dislocations  within  the  field  may  easily  have  been  overlooked. 
Although  some  suggestions  of  possible  faults  were  noted  during 
the  progress  of  the  field  work,  in  but  a  single  cfiise  did  the  evidence 
seem  clear  enough  to  be  unquestionable.  In  that  case,  however, 
the  fault  (lid  not  api)ear  to  affect  the  coal  field,  occurring  west  of 
it  and  influencing  only  the  Tertiary  rocks  north  of  the  Keystone 
ranch.  Many  minor  slips  of  the  beds  near  the  surface  are  encoun- 
tered in  prospecting  or  mining  the  coal,  but  these  are  too  local  to  be 
recognized  as  structural  features,   and   too  small  to  be  shown  on 

the  map. 

COAL. 

AREAL  EXTENT  OF   THE  COAL  FIELDS. 

As  explained  in  the  descrij)tions  of  the  great  structural  basins, 
the  coal  fields  that  are  likely  to  prove  commercially  valuable  are 
limited  very  closely  to  the  areas  of  actual  outcrops  of  the  coal- 
bearing  rocks,  for  the  dips  of  the  strata  toward  the  centers  of  the 
basins  are  generally  steep,  and  in  most  parts  they  doubtless  carry 
the  coal  beds  to  great  d(»pths  a  short  distance  back  from  the  outcrop. 
Such  conditions  prevail  especially  ahmg  the  eastern  margin  of  the 
Uinta  Basin,  which  is  here  described  as  the  Danforth  Hills  and 
Grand  Hogback  coal  fields. 

The  area  of  tlie  Daiifortli  Hills  is  very  nearly  300  square  miles 
and  this  may  be  considered  as  j)ractically  the  extent  of  that  coal 
field.  As  has  been  staled,  the  lower  tiiousand  f(»et  or  so  of  the  coal- 
bearing  group  of  sandstones  and  shales  do  not  usually  contain  valu- 
able coals,  and  tiie  recognized  outcrop  of  these  rocks  is  distinguished 
by  a  separate  j)attern  on  tiie  geologic  map  (PI.  X\"I).  However, 
as  tlies<»  lower  strata  are  known  to  contain  some  coal,  they  may 
properly  be  considered  as  a  part  of  the  coal  field. 


\  1 
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The  Grand  Hogback  coal  field  is  limited  to  a  narrow  belt  between 
Wliite  and  Grand  rivers  which  includes  an  area  of  probably  not 
much  more  than  75  square  miles. 

THICKNESS  AND  NUMBER    OF  COAL  BEDS. 

As  explained  under  the  heading*' Stratigraphy '*  (p.  266),  the  group 
of  rock  strata  that  contains  the  coal  is  approximately  a  mile  in 
thickness,  and  many  beds  of  valuable  coal  are  found  in  one  position 
or  another  within  this  mass.  Both  the  total  number  and  the  thick- 
ness of  the  individual  beds  vary  from  place  to  place  along  the  outcrop, 
as  may  be  observed  in  the  thickening  or  pinching  out  of  the  beds 
whore  they  can  be  traced.  In  only  two  localities  is  anything  like 
a  complete  measurement  of  the  coals  now  obtainable.  One  of  these, 
at  Newcastle,  on  Grand  River,  is  particularly  favorable  for  the 
measurement  of  what  is  supposed  to  be  the  maximum  thickness 
of  coal  beds,  as  it  contains  the  thickest  single  coal  known  in  the 
whole  field.  The  other,  on  White  River  below  Meeker,  may  be 
taken  as  representative  of  the  stratigraphic  section  of  the  field  in  its 
total  (quantity  of  coal,  which  is  somewhat  less  than  that  of  the 
Newcastle  section.  Similar  sections  are  exposed  at  other  localities 
in  the  various  stream  gaps  along  the  Grand  Hogback,  but  the  lack 
of  development  makes  it  impossible  at  the  present  time  to  measure 
the  coals. 

The  sectiim  across  the  Grand  Hogback  at  Newcastle  is  probably 
the  most  completely  pros{>ected  in  the  field.  Some  mines  of  con- 
siderable extent  have  been  operated  at  this  place  under  the  manage- 
ment of  the  Colorado  Fuel  and  Iron  Company.  The  measurements 
given  for  the  coals  of  this  locality  are  taken  from  the  statements 
of  the  chief  engineer  of  that  company,*  for  all  but  one  of  the  mines 
are  now  abandoned  and  wholly  inaccessible.  The  locality  as  a 
mining  camp  is  known  to  be  dangerous,  as  much  trouble  has  been 
experienced  with  explosive  dust  and  gas  and  spontaneous  combustion 
of  the  coal.  Mines  on  all  the  large  beds  on  the  north  side  of  Grand 
River  have  been  abandoned  on  account  of  fire,  which  up  to  the 
present  time  ha^  proved  entirely  beyond  control.  The  following  is  a 
statement  of  the  thickness  of  the  different  coal  beds  at  Newcastle: 

Thickness  of  coal  beds  at  Navcasllc. 


Feet. 

"C  80iim" 5 

''  Andcrsi^n  seam' ' 8 

'Allen  scam" 20 

'  1)  seam" 5 

"  \Vh<>eler  seam  " 45-48 


Feet. 

"Eseam" 18 

*'F8eam" 4 


Total  workable  coal 105  -108 


a  Ilosea,  R.  M.,  Tbo  Newcastle  mines.  Colorado:  Colliery  EngiDeor,  vol.  17, 1897,  pp.  377-382,  425-429. 
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The  thickness  of  the  stratigraphic  intervals  separating  these  beds 
is  shown  on  PI.  XV  (p.  266).  The  Wheeler  coal  is  approximately 
1,000  feet  from  the  base  of  the  formation,  and  the  Allen  is  approx- 
imately 1,000  feet  above  the  Wheeler.  The  only  coal  now  worked 
on  the  north  side  of  Grand  River  is  a  bed  known  as  the  Keystone, 
which  is  somewhat  higher  than  any  in  the  section  detailed  above, 
and  which  is  only  22  to  24  inches  thick.  The  Keystone  bed  is  4,000 
feet  stratigraphically  above  the  base  of  the  formation,  and  with  the 
exception  of  two  smaller  beds,  is  the  highest  known  coal  bed.  The 
beds  of  the  Newcastle  section  dip  southwestward  at  angles  ranging 
from  50°  at  the  base  of  the  formation  to  25°  at  the  Keystone  mine. 

Coal  in  the  section  across  the  Grand  Hogback  on  White  River 
below  Meeker  has  been  developed  mainly  to  supply  the  small  demand 
for  domestic  use  in  that  vicinity.  The  beds  dip  to  the  west  at  angles 
ranging  from  31°  to  68°,  and  most  of  the  thicker  coals  are  exposed 
by  a  series  of  prospects  along  the  north  side  of  White  River.  The 
following  coals  were  accessible  when  visited  and  were  measured,  in 
the  present  investigation: 

Thickness  of  coal  beds  exposed  on  White  River  below  Meeker. 

Ft.  in. 

Lion  Canyon,  upper  entry 5  8 

Lion  Canyon,  W.  B.  Blythe  coal  mine 8  5 

A.  H.  Adams  mine,  3  benches,  not  including  bono 8  5 

Old  Meeker  beti,  A.  H.  Adams  property 5  10 

F.  W.  Fairfield  property,  west  entry G  3 

F.  W.. Fairfield  property,  middle  entry,  upper  bench 9  8 

F.  W.  Fairfield  property,  mi  idle  entry,  lower  bench 9  + 

F.  W.  Fairfield  property,  east  entry  (old  Major  bank ) 13  -h 

Mrs.  Grace  H.  Adams  property,  pn^spect 3  3 

Mrs.  Grace  H.  Adams  property,  mine 4  1 

73      7 

Without  doubt  a  considerable  number  of  workable  coals  that  are 
not  included  in  the  foregoing  list  occur  in  the  White  River  section. 
It  is  therefore  safe  to  assume  a  minimum  thickness  of  75  feet  as 
representing  the  workable  coal  of  this  section. 

Though  all  the  coal-bearing  strata  may  be  fomid  in  regular  sequence 
in  a  small  portion  of  the  field  where  the  beds  are  so  steeply  tilted  as 
to  bring  the  uppermost  down  to  water  level  (a  condition  fulfilled  for 
the  most  part  only  along  the  western  margin  of  the  field),  the  remain- 
ing and  greater  part  of  the  coal  field  is  underlain  only  by  the  lower 
members  of  the  formation,  the  upper  strata  having  been  worn  away. 
Synclines  and  basins  generally  retain  a  larger  number  of  coal  beds 
below  water  level  than  regions  uplifted  and  dissected  by  canyons  or 
broader  valleys.  The  geologic  map  shows  several  areas  within  the 
Danforth  Hills,  from  which  it  seems  clear  that  nearly  all  the  valuable 
coals  have  been  removed. 
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Fortunately  for  the  economic  development  of  the  Danforth  Hills 
field,  the  principal  coal  beds  occur  low  in  the  formatiofi  and  many  of 
the  important  coal  beds  remain  where  even  a  great  thickness  of  strata 
has  been  removed.  Thus  many  of  the  thick  coal  beds  outcrop  at  the 
surface  along  the  ridges  and  gulches  in  the  interior  of  the  field,  and 
by  reason  of  their  light  dips  may  prove  readily  accessible  for  devel- 
opment. 

The  best-known  examples  of  thick  coals  in  these  localiti^^  are  two 
beds  that  have  been  opened  on  Spring  Creek  Gulch  near  and  south 
of  Axial  post-office.  These  measure  25  and  27  feet  of  excellent  coal, 
a  total  of  over  50  feet  exposed,  with  indications  of  a  considerable 
number  of  other  workable  beds  near  by. 

DETAILED    DESCRIPTIONS. 

A  systematic  review  of  all  the  localities  examined  or  measured  will 
be  included  in  a  report  of  this  investigation  to  be  published  later. 
It  has  been  found  necessary  to  limit  the  descriptions  in  this  prelimi- 
nary report  to  a  brief  mention  of  the  more  important  pro{>erties. 
These  are  treated  in  the  order  in  which  they  were  examined  in  the 
field,  the  numbers  indicating  the  mine  and  prospect  localities  on  the 
maps  (Pis.  XVI,  p.  272,  and  XVII,  p.  290). 

Nos.  2-4,  Lay,  Routt  County, — The  localities  numbered  2,  3,  and 
4  are  in  a  group  of  coal  entries  situated  about  a  mile  south  to  south- 
east of  Lay  post-office,  in  Routt  Coimty.  These  coal  properties  are 
in  the  west  end  of  the  Yampa  coal  field  and  are  described  in  the 
report  on  £hat  field,**  although  they  were  not  sampled  during  the 
field  work  of  that  investigation.  One  of  these  properties  was  sam- 
pled by  R.  C.  Hills,  and  the  analysis  published  in  1893.''  The  fol- 
lowing measurements  were  made  where  the  samples  were  obtained: 

Section  of  the  iO-foot  coal  bed  at  Lay  {fio.  2). 

Ft.  In. 

Coal  without  partings 9    9 

Shale,  carbonaceous 1    3 

Coal,  apparently  free  from  partings  (lower  5  feet  7  inches  sampled)  .  10    6  * 

Shale,  carbonaceous.  ^ 

21    f> 

Section  of  the  Peacock  coal  bed  at  Lay  (No.  S). 

Ft.  In. 

Coal  left  as  roof,  thickness  reported 1  6 

Coal,  mined 5  2 

Coal,  bony,  pyritiferous 4 

Coal,  mined 2 

9 


a  Bull.  U.  S.  Geol.  Survey  No.  297, 1906,  p.  63. 

^Coai  fields  of  Colorado;  Mineral  Resources  U.  S.  for  1892,  U.  8.  Geological  Survey.  1893,  p.  3G5. 
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Section  of  the  Sweeney  coal  bed  at  Lay  (No.  ♦)• 

Shale.  Ft.  In. 

Clay,  white,  kaolin-liko 1  ± 

Coal 3  10 

Bone *. 1 

Coal 4 

Bone 1    7 

Coal,  thickness  reported,  not  measured 4 

^  ■  ■ 

15    5 

No,  5,  CoUom  mine,  Axial.  Routt  County, — The  Collom  mine,  on 
Spring  Creek,  H  miles  south  of  Axial  post-office,  is  probably  the 
best-known  coal  bank  in  the  northern  part  of  the  Danforth  Hills. 
The  coal  bed  is  very  thick,  measuring,  as  nearly  as  could  be  deter- 
mined, 24  feet  5 J  inches,  with  a  single  half-inch  bony  seam  16  feet 
3  inches  from  the  base.  The  coal  lies  nearly  flat,  dipping  lightly  to 
trhe  south  and  east,  and  is  an  exceptionally  solid,  bright,  black  shiny 
coal.  It  breaks  with  an  irregular  conchoidal  fracture,  and  is  clean 
to  handle,  being  apparently  very  free  from  smut  or  dust.  It  shows 
an  excellent  analysis  as  compared  with  other  coals  of  this  part  of 
the  field  and  an  exceptionally  low  amount  of  ash.  The  following  is 
a  section  measured  at  the  mouth  of  the  mine : 

Seciion  at  Collom  mine  near  Axial  (No.  5). 

Shale.  Ft.    fti. 

Coal 8      6 

Shale  or  l)one i 

Coal 16      3 

Shale 3-1- 

Total  coal  bed 24      91 

The  Collom  bed  is  several  hundred  feet  stratigraphically  above 
that  of  the  W.  II.  Miller  bank  (No.  16  of  this  list),  but  a  close  esti- 
mate of  this  interval  could  not  be  obtained.  The  mine  has  l>een 
worked  in  a  broad,  high  entry,  so  that  wagons  from  neighboring 
ranches  are  loaded  at  the  face,  the  teams  being  driven  in  and  turned 
around  in  the  mine. 

No.  6.  Mrs.  G,  H,  Adams  property,  Meeker,  Bio  Blanco  County. — 
The  first  entry  on  the  public  road  west  of  Meeker  is  in  the  NE.  \ 
SW.  J  sec.  28,  T.  1  N.,  R.  94  W.,  and  is  the  property  of  Mrs.  Grace 
II.  Adams.  Entries  have  been  made  on  two  of  the  lowest  workable 
beds  that  have  been  recognized  in  this  region.  The  following  section 
was  measured  at  this  place. 
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Section  on  Mrs.  Grace  II.  Adams's  properly ,  west  of  Meeker  {No.  6). 

Ft.  in. 

Shale,  blue  clay : 2-f 

Coal,  weathered  outcrop 1  6 

Shale  or. blue  clay,  lenticular  becl l-\- 

Coal,  weathered  outcrop 2  10 

Sandstone,  single  stratum 4 

Coal,  weathered  outcrop 3  3 

Shale,  brown 2  8 

Sandstone,  massive 1  10 

Coal  (sample  No.  6) 4  1 

Floor  not  exposed.  

22  9 

The  principal  development  is  an  old  mine  on  the  lowest  coal  noted 
in  the  above  section.  This  consists  of  a  slope  running  down  in  an 
approximately  north  direction  for  about  200  feet  at  an  inclination  of 
about  15^.     The  strata  dip  36°  N.  60°  W. 

Northeast  of  the  entry  just  described,  about  200  feet  along  the 
strike,  a  coal  bed,  probably  corresponding  to  one  of  those  measured 
in  weathered  outcrop  in  the  preceding  section,  has  been  opened  by 
a  prospect  slope  for  a  distance  of  80  or  100  feet.  The  coal  is  at  least 
3  feet  thick,  the  base  of  the  bed  being  covered  by  debris  that  was 
sliding  down  the  entry.  The  roof  of  this  bed  is  poor,  being  composed 
of  a  weak  blue  clay  shale.  A  local  report  states  that  this  bed  is 
coking  coal,  but  it  was  not  sampled,  and,  so  far  as  is  known  to  the 
writer,  no  satisfactory  tests  to  determine  its  coking  quality  have  yet 
been  made. 

Nos,  7  and  8,  F,  W,  Fairfield  property y  MeeJcer,  Rio  Blanco  County, — 
There  are  three  entries  on  the  Fairfield  property  on  White  River, 
just  west  of  the  Adams  property  above  described.  This  is  a  40- 
acre  tract  in  the  NW.  }  SW.  \  sec.  28,  T.  1  N.,  R.  94  W.,  and  is 
the  property  of  F.  W.  Fairfield,  of  Meeker.  These  three  entries 
start  near  the  stage  road  on  the  40-acre  tract  south  of  the  one  just 
mentioned.  The  easternmost  entry  is  situated  at  the  mouth  of  a 
very  short  gulch,  or  side  valley,  and  is  marked  by  a  considerable 
slack  pile  and  an  old  bin  and  tipple.  The  bed  here  opened  is  175  to 
200  feet  stratigraphically  higher  than  those  on  the  Adams  property, 
a  considerable  thickness  of  massive  white  sandstone  intervening 
between  the  two  beds.  The  entry  runs  in  nearly  on  a  level  along  the 
strike  of  the  coal  bed,  which  here  has  a  direction  of  N.  25°  E.,  the 
dip  being  36°  W.  The  bed  itself  is  composed  of  several  l>enches  of 
coal  separated  by  bone  or  clay,  the  total  thickness  reaching  at  least 
14  feet.     The  following  is  the  section  taken  at  this  mine: 
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iSection  at  easlemmost  entry  on  Fairfield  property j  west  of  Meeker  {No,  7). 

Ft.    in. 
Shale,  sandy,  or  soft  sandstone. 

Sandstone,  flaggy 1  -h 

Coal,  upper  bench 4  11 

Bone,  with  coal  streaks 8 

Coal,  middle  bench 5  3 

Parting,  flinty,  fire  clay 3 

Coal,  lowest  bench  to  mine  fl(M)r 2+ 

Total  coal  bed  measured 13      1  -|- 

No  sample  for  analysis  was  taken,  because  of  the  uncertain  condition 
of  the  mine  roof.  The  coal  is  largely  slacked  on  the  mine  dump,  but 
some  large  lumps  still  remain. 

A  few  hundred  feet  west  of  the  mine  above  described  a  slack  heap 
of  considerable  size  marks  two  more  entries  on  the  same  40-acre  tract 
in  the  face  of  the  steep  bluff  close  to  the  public  road.  Th(!se  entries 
are  close  together,  and  open  various  benches  of  coal  which  might  be 
considered  as  parts  of  a  single  lai^  bed.  The  beds  lie  75  or  100  feet 
higher  stratigraphically  than  those  last  described.  In  the  eastern  of 
the  two  entries  the  strike  of  the  beds  is  N.  17i°  E.  and  the  dip  42®  W. 
About  1 10  feet  from  the  mouth  of  the  entry  the  drift  forks,  an  o{>ening 
to  the  left  passing  over  through  the  roof  of  the  lower  l^ed  or  bench 
into  another  bed  of  almost  the  same  thickness  above.  The  following 
is  a  section  showing  the  thickness  of  these  beds: 

Section  of  coal  beds  on  Fairfield  property^  west  of  Meeker  ( iVb.  8). 

Ft.     In. 

Coal 9        8 

Clay,  white,  sandy 2      11 

Coal 9-f 

21        7-h 

The  measurement  of  the  lower  bench  of  coal  was  taken  in  the 
right-hand  drift.  This  showed  9  feet  of  clear  coal  with  no  partings, 
but  the  measurement  does  not  include  a  portion  of  the  coal  bed 
left  up  as  a  roof,  nor  some  coal  that  still  remains  on  the  floor.  The 
entry  on  the  upper  bench  in  this  mine  runs  in  about  540  feet  beyond 
the  point  at  which  it  turns  off  from  the  lower  entry,  a  total  length  of 
about  650  feet  from  the  mouth  of  the  mine.  A  good  measurement 
obtained  in  this  portion  of  the  mine  showed  9  feet  8  inches  of  coal 
with  a  l}-inch  clay  parting  at  a  distance  of  1  foot  11  inches  below  the 
roof.  The  floor  is  hard  white  sandy  clay  that  forms  the  roof  of  the 
coal  bed  below.  A  considerable  amount  of  coal  has  been  taken  from 
this  mine. 
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The  mine  next  to  the  west  is  on  a  coal  bed  close  above  the  double  bed 
just  described,  the  entrance  being  about  100  feet  farther  west.  This 
drift  runs  in  430  feet  along  the  strike  of  the  coal  bed,  which  is  recorded 
as  N.  20"*  E.  at  this  point,  the  dip  bemg  37"*  W.  The  coal  is  6  feet  3 
inches  thick,  with  a  coal  floor  which  could  not  be  measured.  The 
roof  is  sandstone.  Three  inches  of  coal  at  the  top  of  the  bed  is  much 
slickensided  and  the  coal  is  much  jointed  across  the  l)edding. 

A  local  report  states  that  coal  beds  aggregating  50  feet  in  thickness 
have  been  opened  on  this  property,  but  this  statement  could  not  l>e 
verified  at  the  time  of  visit,  although  it  is  undoubtedly  true  that 
several  thick  beds  do  occur. 

No,  9.  A.  H,  Adams  property,  Meeker,  Rio  Blanco  County. — The 
next  group  of  entries  west  of  the  Fairfield  property  is  on  a  40-acre 
tract  of  coal  land  belonging  to  A.  II.  Adams,  of  Meeker.  This  is  the 
SB.  i  SE.  i  sec.  29,  T.  1  N.,  R.  94  W.  The  eastern  entry  is  now 
abandoned  and  caved,  but  it  was  originally  worked  from  an  entrance 
passing  through  a  dwelling  house  close  to  the  public  road.  This  coal 
bed  is  said  to  be  the  first  one  opened  for  use  at  the  old  Meeker  Indian 
agency,  although  a  similar  claim  is  made  for  the  so-called  ^^old  Gov- 
ernment bank*'  on  Coal  Creek.  A  measurement  made  at  the  gutcrop 
of  this  bed  gave  5  feet  10  inches  of  coal  without  partings  or  bone. 
The  coal  was  apparently  clean  and  hard  and  of  good  quality.  A  mass- 
ive sandstone  15  feet  or  more  in  thickness,  immediately  overlying 
the  bed,  should  afford  s,  good  roof.  The  floor  is  bony  coal.  The 
strike  is  N.  8°  E.  and  the  dip  42®  W.  It  may  be  noted  that  the  strata 
become  more  steeply  inclined  toward  the  west.  Mr.  Adams  makes 
the  following  statement: 

The  longest  of  the  three  tunnels  penetrates  the  coal  a  distance  of  about  325  feet. 
About  5,300  cubic  yards  of  coal  have  been  mined  from  this  bed.  An  analysis  of  the 
coal  by  Mr.  Noble  showed  53  per  cent  fixed  carbon.  It  is  of  uniform  thickness  and 
shows  no  bone  or  slate  and  very  litde  ash.  There  are  no  important  beds  between  my 
pn^perty  and  the  Lion  Canyon  mine.  There  are  several  smaller  ones,  the  largest  of 
which  I  have  any  knowledge  being  on  my  property  and  measuring  about  28  inches, 
lying  about  175  feet  above  the  west  bed. 

The  western  coal  bed  on  the  Adams  property  is  estimated  to  be 
about  130  feet  stratigraphically  above  the  **old  Meeker  seam/'  This 
entry  is  at  present  marked  by  a  whim  and  small  wooden-frame  tipple. 
It  runs  down  a  short  slope  and  ends  in  a  small  room,  the  whole  being 
less  than  100  feet  in  length.  Several  very  massive  sandstone  ledges 
occur  just  above  the  coal  bed,  the  immediate  roof  being  a  few  inches 
(3± )  of  blue  clay  shale.  The  strike  of  the  rock  in  the  entry  is  N.  17° 
E.,  but  no  satisfactory  determination  of  the  dip  was  obtained.  The 
following  is  a  detailed  section  taken  in  the  mine. 
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Section  in  west  entry  on  A.  If.  Adams's  property^  weM  of  Meeker  {No.  9), 

Ft.     in. 

Coal,  good 5      IJ 

Clay,  hard 1 

Coal,  good 1      4 

Bone,  black,  flinty,  not  constant «5 

Coal,  apparently  g<MHl 1 

Coal  or  bono,  soft,  flaky 1 

Bono,  or  carbonacooua  shale  floor. 

Total  coal  l)ed 8     Hi 

The  measurenieiits  given  above  do  not  remain  constant,  even  in 
this  small  mine.  The  coal  is  apparently  similar  in  quality  to  the 
others  that  were  sampled  in  this  vicinity.  (See  analyses,  pp.  297-299.) 
Lump  coal  that  was  said  to. have  been  standing  in  the  mine  car  five 
months  was  checking  and  breaking,  but  the  lumps  still  retained  their 
original  shape. 

West  of  the  Adams  mine  no  other  coal  beds  were  noted  among  the 
outcropping  ledges  for  a  distance  of  a  little  over  half  a  mile,  as  far  as 
the  Lion  Canyon  mine.  This  interval  is  occupied  by  a  number  of 
huge  cliff-making  sandstones,  dipping  westward  at  angles  ranging 
from  50°  to  60*^,  and  interbedded  with  several  rather  thick  beds  of 
shale. 

No.  10.  W.  B,  Blytlie  property,  Meeker,  Rio  Blanco  County. — The 
Lion  Canyon  mine  is  the  property  of  W.  B.  Blythe,  whose  house 
stands  a  short  distance  back  from  the  road  in  front  of  the  mine 
entrance.  Tlie  mine  is  located  in  the  NE.  \  SW.  \  sec.  29,  T.  1  N.,  R. 
94  W.,  and  is  opened  on  an  Si-foot  bed  of  coal.  The  entry  runs  in 
straight  along  the  strike  for  a  distance  of  1,140  feet,  giving  a  good 
determination  of  N.  11°  E.,  with  dips  ranging  from  55°  to  65°,  or  an 
average  of  about  63°.  In  running  the  entry  the  coal  has  been 
worked  out  to  a  height  of  25  to  40  feet  in  the  steeply  dipping  bed. 
The  entry  is  then  braced  above  with  stulls  and  lagging.  The  mine 
is  equipped  with  a  good  1-ton  car  and  track  running  the  length  of  the 
entry.  The  entry  is  of  such  grade  that  the  car  is  hauled  in  by  means 
of  a  burro,  and  when  loaded  runs  out  by  gravity.  At  the  mouth  is  a 
substantial  wooden-frame  tipple.  This  was  the  only  property  in  the 
district  just  described  that  was  being  worked  at  the  time  of  visit,  the 
price  of  coal  being  $2  loaded  at  the  mine,  or  $3  delivered  in  Meeker,  4 
miles  away. 

On  both  sides  of  the  entrance  to  the  mine  huge  bare  sandstone 
ledges  stand  up  like  ramparts.  The  following  section  was  measured 
at  the  mine,  the  thickness  of  the  coal  being  taken  at  the  face  where 

aMaxinmni  mojusuroment. 
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the  sample  was  taken ,  and  the  rest  of  the  measurements  near  the 
mine  entrance : 

Section  at  Lion  Canyon  mine.  Meeker  No.  10. 

Ft.     in. 

Sandstone,  very  maftsive 75d= 

Coal  (sampled) .». . .     8        5 

Clay,  hard  (weathers  readily  to  a  friable  bluish  sliale) 25±    0 

Sandstone,  massive,  white  (^gcxxl  building  stone) 40dt 

Tills  coal  has  a  local  reputation  for  being  the  hardest  and  in  other 
ways  the  best  for  domestic  use  of  those  mined  about  Meeker.  It 
has  a  dull,  spotted  appearance  which  causes  it  to  l)e  described  by 
local  residents  as  '^ sorry  looking.'^  One  point  mentioned  in  its 
favor  is  that  it  bums  without  soot,  but  it  is  also  admitted  that  the 
coal  does  not  stand  well,  slacking  quickly  when  exposed  to  the 
weather.  Its  analysis  shows  a  lower  fixed  carbon  and  higher 
moisture  content  than  others  obtained  from  freshly  worked  faces  in 
the  mines  of  this  vicinity. 

Just  west  of  the  entrance  to  the  Lion  Canyon  mine  another  bed 
shows  in  an  old  opening,  measuring  5 J  feet  in  thickness.  Mr. 
Blythe  claims  to  have  opened  several  small  beds  still  higher  than 
this  which  he  says  are  2  to  3  feet  in  thickness,  and  are  the  uppermost 
coals  in  the  section. 

Nos,  11  and  12,  Keystone  hasin,  Deepchannel  Creek,  Routt  County, — 
A  single  coal  bank  has  been  opened  on  the  western  margin  of  the 
Danf orth  Hills  district  to  supply  coal  for  domestic  use  at  the  Keystone 
ranch,  27  miles  northwest  of  Meeker.  This  bank  is  situated  in  the 
gulch  northeast  of  the  Keystone  reservoir,  in  the  E.  \  sec.  30,  T.  4  N., 
R.  95  W.  An  entry  has  been  driven  in  90  feet  or  more,  penetrating 
a  bed  of  coal  at  least  7  feet  thick,  with  a  sandstone  roof  and  appa- 
rently without  partings.  All  of  the  coal  was  much  broken  and 
slickensided.  According  to  the  analysis  it  is  rather  below  the  average, 
probably  on  account  of  its  somewhat  excessive  moisture  content, 
which  may  be  largely  the  result  of  its  w^eathered  condition. 

The  valley  of  Strawberry  Creek  is  practically  without  water  for 
agricultural  purposes  and  consequently  is  almost  without  settlement, 
there  being  but  two  ranches  located  along  it  north  of  the  settlement 
in  Powell  Park  on  White  River.  For  this  reason  there  has  been 
little  demand  for  fuel  and  no  development  of  the  many  coal  beds  that 
outcrop  in  nearly  all  the  gulches  that  drain  the  western  slope  of  the 
Danforth  Hills. 

Nos.  IS  and  14-  Morgan  Gulch,  Routt  County. — Morgan  Gulch  is  a 
broad,  open  valley  on  the  north  slope  of  the  Danforth  Hills  about  7 
miles  west  of  Axial  post-office.  There  is  one  ranch  in  this  gulch,  the 
property  of  David  Morgan,  of  Axial,  whose  house  is  situated  about  a 
mile  from  the  southern  edge  of  Axial  Basin.     Mr.  Morgan  has  opened 
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a  small  coal  bank  in  a  side  gulch  a  quarter  of  a  mile  west  of  his  house. 
The  following  section  was  measured  at  the  mine: 

Section  at  Morgan  minej  7  miies  west  of  Axial  {Nos.  IS  and  14). 

Foet. 

Sandstone 7 

Rhalo 8 

Coal 10 

20 

The  coal  is  much  broken,  very  soft,  and  slacks  very  readily,  going 
to  pieces  after  only  a  week's  exposure  to  sun  and  air.  There  is 
some  evidence  that  this  mine  is  on  a  block  that  has  slumped  or 
slid  down  the  gulch  side,  and  this  may  account  for  the  shattered 
condition  of  the  coal.  No  sign  of  the  slip  has  yet  been  encountered 
in  the  mine,  but  this  relation  is  indicated  by  the  attitude  of  the 
beds  in  the  hillside  above.  The  coal  dips  6°  S.,  as  measured  in  the 
mine.     It  is  opened  for  use  at  the  Morgan  ranch  only. 

For  a  number  of  miles  south  of  the  Morgan  mine  the  strata  are  veiy 
nearly  horizontal,  and,  as  described  in  the  chapter  on  stnicture,  this 
district  is  one  of  relative  depression  of  the  coal-bearing  strata,  se 
that  a  considerable  thickness  of  the  coal-bearing  beds  underlies  the 
whole  territory.  The  rocks  rise  gradually  to  the  south  toward  the 
main  divide  and  also  to  the  west,  with  the  result  that  most  of  the  tliicker 
beds  soon  pass  above  water  grade  and  are  found  on  the  ridge  tops 
only  along  Maudlin  and  Temple  canyons.  Morgan  Gulch  has  an 
extensive  drainage  area  in  the  Danforth  Ilills,  and  all  of  this  terri- 
tory south  of  the  edge  of  Axial  Basin  is,  without  any  reasonable  doubt, 
underlain  by  valuable  coal  beds  at  workable  depth. 

No,  15,  Box  Elder  Gulchy  Routt  County, — ^West  of  Morgan  Gulch 
are  two  smaller  valleys,  in  the  eastern  of  which,  known  as  Box  Elder 
Gulch,  a  single  large  coal  bed  was  opened,  but  has  now  caved  so  as  to 
be  partly  inaccessible.  The  following  section  was  measured  at  this 
place: 

Section  at  coal  prospect  in  Box  Elder  Gulch  (No.  15). 

Foot. 

Sandstone 7 

Shale 2 

C(xd 5 

Coal,  clayey 1 

Coal  (base  not  reached) 4 

Total  coal 10+ 

No,  16,  W.  H.  MiUer  entry.  Axial,  Rouit  County. — An  abandoned 
drift  on  a  thick  coal  bed  is  situated  on  Spring  Creek  almost  exactly 
1  mile  south  of  Axial  post-office  and  half  a  mile  or  so  north  of  the 
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CoUom  mine,  already  described.  This  drift  is  said  to  have  been 
opened  by  W.  H.  MiUer,  to  supply  coal  for  domestic  use.  The  entry 
consists  of  a  simple  prospect  drift  running  in  a  distance  of  120  feet 
from  the  entrance.  According  to  a  measurement  made  as  carefully 
as  the  present  exposure  would  allow,  the  bed  is  26  feet  10  inches  thick. 
It  dips  10°  SW.  The  following  section  was  measured  15  feet  from 
the  face  of  the  entry: 

Section  in  W.  H.  Miller  mine,  1  mile  south  of  Axial  post-office  (No.  16). 

Clay  roof.  Ft.   in. 

Coal,  good 3 

Coal,  dirty,  powdery •. 4 

Coal,  good 5 

Bone. 1 

Coal,  not  exposed  in  the  mine.  

8    5 

The  above  section  represents  only  a  portion  of  the  lower  half  of  the 
bed.  Most  of  the  coal  of  the  entry  has  been  taken  from  below  the 
4-inch  parting.  The  horizon  of  this  parting  is  festooned  with  a  fringe 
of  long,  white  fibers  of  epsomite  or  magnesium  sulphate. 

No.  17.  James  entry ,  RovM  County. — The  James  coal  bank  is  situ- 
ated on  Spring  Creek,  4  miles  south  of  Axial,  on  the  west  side  of  the 
stage  road.  It  consists  of  an  entry  100  feet  in  length  showing  coal  at 
least  8  feet  thick  with  a  coal  roof  and  bone  floor.  Shale  overlies  the 
whole  bed.  The  coal  bed  dips  about  S*"  S.  20''  E.  The  coal  is  hard, 
with  a  high  luster,  and  shows  no  partings.  The  mine  seemed  not  to  be 
regulariy  worked,  although  the  coal  was  fresh  and  the  analysis  shows 
it  to  W.of  good  quality  and  similar  to  the  other  good  coals  of  this  part 
of  the  field. 

No.  18.  Shafer  mine,  Routt  County. — The  only  development  along 
the,  northern  part  of  Milk  Creek  Canyon  is  at  the  Shafer  mine,  just 
south  of  Axial  Basin  and  a  couple  of  miles  east  of  Axial  post-office. 
This  has  evidently  been  worked  to  supply  the  few  ranches  in  the  imme- 
diate vicinity  in  Axial  Basin.  The  following  rough  measurements 
were  made,  the  exposures  not  permitting  more  careful  determination: 

Section  at  Shafer  mine  on  Milk  Creek  south  of  Axial  Basin  (No.  18). 

Shale  roof.  Ft.   in. 

Coal,  minimum  thickness 12 

Bone 2 

Coal,  minimum  thickness 2 

Coal  floor.  

14    2 

This  coal  is  hard  and  apparently  of  very  good  quality.  A  sand- 
stone dike  was  observed  in  the  mine  cutting  the  coal  bed,  nearly 
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peipendicular  to  the  bedding.  Similar  dikes  were  also  noted  in  the 
Coryell  mine  on  Grand  River.  A  sample  representing  the  upper  7 
feet  6  inches  of  the  bed  was  taken  within  6  feet  of  the  face  of  the  mine. 
The  entry  runs  down  a  slope  on  the  dip  for  25  feet,  and  a  drift  then 
swings  to  the  left  at  a  lighter  pitch,  turning  up  grade  slightly  in  the 
last  25  feet  of  a  total  length  of  about  125  feet.  This  bed  is  probably 
about  100  feet  above  the  ''white  rock/'  with  another  heavy  sandstone 
stratum  some  50  feet  above  the  coal.  Another  coal  bed  is  prospected 
in  a  small  tributarj^  gulch  north  of  the  mine,  its  position  being  strati- 
graphically  between  the  Shafer  bed  and  the  *' white  rock.'' 

There  has  been  much  burning  of  coal  along  the  outcrops  in  the 
vicinity  of  the  Shafer  mine  and  above  the  *' white  rock,"  and  there 
are  doubtless  a  number  of  other  valuable  coal  beds  in  this  locality. 
A  few  small  coals  were  noted  occurring  stratigraphically  below  the 
"white  rock."  Many  outcrops  of  coal  and  much  baked  rock  indi- 
cating the  presence  of  other  beds  are  to  be  seen  along  the  valley  of 
Milk  Creek  through  its  entire  course  between  the  Shafer  and  Wilson 
entries,  but  at  no  place  are  any  of  these  beds  known  to  have  been 
opened  so  as  to  show  the  value  of  the  coals. 

No.  19.  J.  F.  Wilson  mine,  Rio  Blanco  County. — Several  prospect 
drifts  have  been  opened  at  the  upper  end  of  Milk  Creek  canyon  in 
the  coal  field,  2  or  3  miles  below  the  Thomburg  battle  groimd.  Of 
these  the  only  one  that  was  in  condition  for  sampling  was  an  entry 
on  the  property  of  J.  F.  Wilson,  of  Thomburg,  in  the  NW.  J  SE.  J 
sec.  29,  T.  3  N.,  R.  92  W.  Three  openings  have  been  made  close 
together  on  the  same  coal  bed,  of  which  the  northernmost  is  the  only 
one  worked  at  present.  The  coal  appears  to  be  of  good  quality,  very 
hard,  withstanding  the  action  of  the  weather.  The  following  section 
was  measured  at  this  place: 

Section  at  the  J.  F.  WiUon  bank  in  Milk  Creek  Canyon  {No.  J 9). 

Shale.  Ft.      In. 

Coal 2-f 

Shalo,  carlMmaceous 1 

Coal 11        1 

Sliale,  carlwnacoous 2 

Coal 2+ 

18         1-f 

The  bod  dips  15°  N.  80°  W.  In  the  middle  of  the  three  openings, 
the  coal,  altliough  it  had  not  been  worked  for  a  long  time,  seemed 
fresh  and  hard,  and  a  good  face  was  exposed. 

A  quarter  of  a  mile  north  of  the  Wilson  entries,  also  on  the  west 
side  of  Milk  Creek,  there  are  two  prospects  that  appear  to  have  been 
formerly  worked,  but  are,  at  present,  completely  caved  at  the  entrance. 
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The  foUowin*^  measurements  were  made,  but  this  section  is  very 
incomplete: 

Section  in.  Milk  Creek  canyon,  one-fourth  mile  north  of  the  Wilson  mine. 

Shah'.  Ft.     in. 

Coal 1 

Shah',  carboi^acpous 10 

Coal,  at  least 5 

6    10 

The  coal  bed  dips  5°  N.  80°  W.  The  second  of  the  two  entries 
opened  a  coal  about  30  feet  lower,  but  was  totally  inaccessible. 
Both  of  these  beds  are  several  hundred  feet  higher  in  the  series  than 
the  Wilson  bed.  The  latter  is  roughly  400  or  500  feet  above  the 
^Svhite  rock.'^ 

No.  20.  Coal  Creek,  Rio  Blanco  County. — On  the  west  side  of  Coal 
Creek,  in  sec.  30,  T.  2  N.,  R.  92  W.,  almost  directly  opposite  the 
*' Transfer,^'  Gilbert  Wesson  has  opened  a  prospect  drift  showing  a 
fine  bed  of  bright,  hard  coal  over  25  feet  thick.  The  prospect  is  on 
Government  land  which  is  withdrawn  from  entry  pending  the  com- 
pletion of  the  resurveys.  Nearly  the  whole  thickness  of  the  bed  is 
exposed  at  the  mouth  of  the  entry,  but  the  height  of  the  coal  and 
the  timbering  of  the  entry  made  a  good  measurement  of  the  bed 
impracticable.  The  coal  bed  dips  N.  75°  W.  at  an  angle  of  about 
22°.  The  entry  is  situated  structurally  at  the  flattened  nose  of  a 
westward-pitching  synclinal  trough,  the  end  of  that  described  on 
page  271  as  the  Sulphur  Creek  syncline.  Outcropping  coal  beds  at 
or  near  this  horizon  extend  southward  and,  crossing  a  narrow  spur 
or  ridge,  are  again  prospected  in  the  banks  of  Ninemile  Draw.  This 
bed  und  those  closely  associated  with  it  extend  toward  the  north  in 
outcrop  along  the  ridge  face  approximately  parallel  to  the  public 
road  beyond  Yellow  Jacket  Pass,  and  may  be  the  same  coal  as  that 
oi>ened  just  north  of  the  pass  and  also  at  the  Wilson  mine  in  Milk 
Creek  Canyon. 

At  the  entrance  to  the  Wesson  mine  an  ash  bed  indicates  that  the 
lower  part  of  the  bed  has  been  partially  burned,  but  this  burning 
extends  in  only  a  few  feet.  The  present  entr}^  starts  in  near  the 
middle  of  the  bed,  leaving  much  coal  above  and  below  as  both  roof 
and  floor.  The  following  is  a  section  measured  at  the  face  of  the 
mine,  but  includes  only  a  portion  of  the  total  thickness  of  the  bed: 

Section  in  Wesson  mine^  Coal  Creek  {No.  20). 

Ft.  In. 

Coal  roof (?; 

Coal,  good 3 

Coal,  dirt  y  seam 2 

Coal,  g(H)(l 1     f J 

Coal,  dirty  scam 2 

Coal,  gcx)d , 4    3 

Coal  floor.  

9    1 
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By  a  measurement  of  the  whole  stratigraphic  section  exposed  near 
the  locality  of  the  '' Transfer  ^^  (see  PI.  XV,  p.  266),  the  Wesson  bed 
is  estimated  to  bo  2,000  feet  above  the  base  of  the  coal-bearing  rocks. 
Here,  as  at  many  other  points  throughout  the  field,  the  ''white  rock,'* 
a  prominent  massive  white  sandstone  ledge,  occurs  in  the  coal-bearing 
rocks  just  below  the  principal  group  of  workable  coal  beds.  The 
Wesson  coal  bed  lies  about  500  feet,  stratigraphically,  above  this  ledge. 
Below  the  ledge  several  indications  of  coal  were  noted,  one  bed  hav- 
ing been  prospected  to  a  depth  of  60  feet  or  more,  but,  as  elsewhere 
in  this  basal  portion,  the  coal  appears  to  be  of  comparatively  little 
value.  Above  the  white  sandstone  ledge  at  least  two  other  beds  are 
exposed  below  the  Wesson  bed,  «,nd  possibly  others  may  be  obscured 
along  the  d6bris-filled  bottom  of  Coal  Creek. 

Above  the  Wesson  mine  the  canyon  wall  rises  steeply  to  a  height 
of  600  or  700  feet  and  the  rocks  are  fairly  well  exposed.  A  few 
sandstones  outcrop,  but  these  are  not  prominent  as  ledge  makers, 
showing  chiefly  where  they  have  been  hardened  by  the  burning  of 
coal  beds.  In  such  places  they  form  cliffs  of  brecciated  rock  of  bright- 
vermilion  to  brick-red  color,  interspersed  with  patches  of  unaltered 
white  sandstone.  These  ledges  are  usually  much  broken  up,  being 
jointed  both  parallel  to  and  across  the  bedding.  As  elsewhere  noted, 
the  coal  beds  rarely  show  in  outcrop,  having  been  almost  universally 
burned,  and  leaving  only  slag,  cinders,  and  reddened  rock  at  the 
surface  of  the  groimd.  Coal  Creek  appears  to  be  an  exceptionally 
favorable  locality  for  the  commercial  development  of  the  thick  coal 
beds  that  undoubtedly  occur  at  that  place.  These  coals  dip  west- 
ward, with  flattening  pitch,  and  almost  certainly  underlie  at  work- 
able depth  a  large  territory  extending  along  the  axis  of  the  Sulphur 
Creek  syncline.  An  advantage  of  the  Coal  Creek  locality  as  a  point 
of  access  to  this  structural  basin  lies  in  the  fact  that  the  beds  here 
have  more  moderate  and  uniform  pitch  in  the  direction  of  the  syn- 
clinal axis  than  anywhere  along  the  sides  of  the  basin. 

Nos.  21  and  22,  Sulphur  Creek,  Meeker,  Rio  Blanco  County, — A 
working  mine  and  several  prospect  entries  are  situated  in  the  valley 
of  Sulphur  Creek  about  4  miles  north  of  Meeker,  in  the  NE.  \  NE.  \ 
sec.  10  and  in  the  SW.  \  sec.  3,  T.  1  N.,  R.  94  W.  These  are  reported 
to  be  the  property  of  T.  D.  Riley  and  Arthur  Bumham,  both  of 
Meeker.  The  mines  are  on  the  P.  P.  Harp  ranch.  There  are,  in  all, 
four  entries,  two  on  each  side  of  the  gulch.  The  two  southernmost 
are  apparently  of  the  same  or  nearly  the  same  horizon,  opening  coals 
on  opposite  sides  of  the  valley.  The  bed  at  the  principal  mine  is  at 
least  7  feet  thick,  and  the  follo>\dng  section  was  measured  470  feet 
from  the  entrance: 
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Section  in  main  entry y  Sulphur  Creek  mine,  north  of  Meeker  (No.  21). 

Ft.    in. 
Sandstone,  maesivo 20 

Bone 1 

Coal 1    3 

Bone,  sandy 1 

Coal 8 

Bono,  sandy 1 

Coal 4 

Bone  floor. 

Total  coal  bed 7    1 

The  coal  is  hard  and  rather  tough.  At  the  face  of  a  side  entry 
about  200  feet  farther  east,  280  feet  from  the  mine  entrance,  the  fol- 
lowing section  was  measured : 

Section  in  side  entry,  Sulphur  Creek  mim,  north  of  Meeker  (No.  22). 

Coal  roof  (not  measurtKi).  Ft.    in. 

Coal I      2 

Parting,  sandy J 

Coal 11 

Parting,  sandy J 

Coal 3      1 

Bone  floor.  

5      3 

The  mine  is  equipped  with  two  1-ton  cars  and  a  tipple.  It  is 
worked  chiefly  in  the  winter  time,  when  the  average  output  is 
reported  as  120  tons  a  month. 

No,  23,  Old  Meeker  mine,  Sulphur  Creek,  Rio  Blanco  County, — An 
abandoned  and  partly  caved  mine  on  Sulphur  Creek,  on  the  south- 
west side  of  the  gulch  and  near  the  wagon  road,  is  reported  to  be  one 
of  the  oldest  mines  near  Meeker.  These  workings  are  said  to  go  in 
approximately  500  feet  along  the  strike  of  the  coal  bed,  in  a  direction 
about  S.  20^  W.  The  dip  of  the  bed  is  19^  to  23°  W.  The  following 
section  was  measured  in  the  mine: 

Section  in  old  mine  on  southwest  side  of  Sulphur  Creek  (No,  2S). 

Shale  roof  (poor).  Ft.  in. 

Coal 1  4 

Parting,  sandy i 

Coal  (sample  No.  23) 3  9 

Coal  floor.  

5    1} 

Sandstone  and  shale  are  exposed  above  the  mine,  reddened  by 
the  burning  of  other  beds  of  coal. 

No,  2^,  Black  Diamond  mine,  Meeker,  Rio  Blanco  County, — The  Black 
Diamond  mine  of  Meeker  is  situated  in  the  NE.  J  SW.  \  sec.  15,  T.  1  N., 
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R.  94  W.,  about  three-fourths  of  a  mile  northwest  of  the  Pollard 
mine  (No.  25).  It  is  owned  by  George  M.  Lord,  of  Meeker,  and  the 
coal,  which  is  known  as  the  ''Lord  seam,'*  is  locally  reported  to  be 
22  feet  thick.  The  total  measurement  of  the  bed  was  not  obtained, 
about  8  feet  only  being  exposed  in  the  mine.  The  following  section 
was  measured : 

Section  in  Black  Diamond  mine  near  Meeker  (No.  24). 

Coal  roof.  Ft.    in. 

Coal 3     11 

Coal,  soft,  powdery  ("mother  coal " ) J 

Coal 3    10 

7      91 

The  dip  is  recorded  as  19°  N.  80°  W.  The  drift  is  430  feet  long. 
This  is  said  by  some  persons  to  be  the  best  coal  near  Meeker;  its 
analyses,  however,  are  very  similar  to  others  of  the  district. 

No,  25,  D.  PoUard  mine,  Meeker,  Rio  Blanco  County, — ^The  Pol- 
lard mine  is  situated  near  the  northwest  comer  of  sec.  22,  T.  1  N., 
R.  94  W.,  being  located  in  part  on  the  40-acre  tract  of  patented  coal 
land  which  is  the  property  of  D.  Pollard,  of  Meeker.  This  mine  is 
in  a  steep,  narrow  canyon  that  opens  into  Meeker  Valley  near  the 
northwest  comer  of  the  townsite  about  1 J  miles  from  the  town  itself. 
The  bed  contains  apparently  good  hard  coal  5  feet  9  inches  thick, 
with  shale  roof  and  shale  floor.  The  strike  of  the  bed  is  N.  5°  E. 
and  the  dip  28°  W.  This  bed  has  been  opened  on  both  sides  of  the 
gulch,  the  main  entry  running  in  to  the  north.  It  was  reported  that 
a  fault  has  been  encountered  on  the  south  side.  The  following  sec- 
tion was  measured  on  the  north  side  of  the  gulch  at  the  entrance  to 
the  main  workings: 

Section  at  Pollard  minCy  Meeker  (No.  25). 

Ft.    In. 

Sandstone 4 

Shale 3 

Coal 1    8 

Shale  (reported  not  constant ) I     1 

Coal  (base  not  reached) 5    8 

Total  coal  bed  measured 8    5 

Several  beds  of  coal  are  noted  above  and  below  the  principal  one 
mined,  and  it  is  thought  that  the  whole  group  is  approximately  the 
same  horizon  as  that  of  the  Mrs.  Grace  H.  Adams  property  on  White 
River.     The  Pollard  bed  is  said  to  be  60  feet  below  the  Lord  bed. 
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The  following  section  was  measured  in  the  mine : 

Section  in  Pollard  mine  510  feel  from  entrance  (No.  ;?5). 

Sandstone  roof.  Ft.  In. 

Coal 2  9 

Coal,  pyritiferous 1 

Coal...' 3  4 

Sandstone  floor.  

6    li 

A  4-horsepower  engine  is  used  to  haul  the  coal  up  a  250-foot 
incline,  beyond  which  the  drift  is  driven  northward  along  the  strike. 
The  output  is  reported  to  be  150  to  190  tons  a  month  during  the 
winter  months. 

No.  26,  Curtis  Creek,  Meeker,  Rio  Blanco  County, — From  Sulphur 
Creek  the  outcrop  of  the  lower  coal  group  extends  to  the  northeast 
and,  swinging  eastward,  crosses  Curtis  Creek  valley  about  4  miles  dis- 
tant. One  bed  has  been  opened  in  the  Curtis  Creek  canyon,  near  the 
Meeker-Axial  stage  road,  6  miles  from  Meeker.  This  entry  is  near 
the  line  between  sees.  29  and  32,  T.  2  N.,  R.  93  W.,  and  is  reported 
to  be  the  property  of  W.  H.  Miller.  A  drift  runs  in  along  the  coal 
bed  for  70  feet,  in  which  the  following  measurements  were  made: 

Section  at  Miller  protpeci  on  Curtis  Creek,  6\  miles  north  of  Meeker  (No.  26). 

Shale  roof.  Ft.  in. 

Coal,  good 2    3 

Coal,  dirty 3 

Coal,  good 1    4 

Bone 1 

Coal  (peacock  colors) 1    4 

Shale  floor.  

5    3 

The  beds  dip  17°  due  north.  Except  for  the  fact  that  the  bed  is 
much  broken  by  partings,  the  coal  is  apparently  of  good  quality, 
clear,  and  hard. 

No,  21,  Spring  Creek,  Rio  Blanco  County, — There  is  an  aban- 
doned and  caved  prospect  on  upper  Spring  Creek,  about  2J  miles 
northwest  of  Ninemile  Gap.  The  coal  was  much  weathered  and  in 
poor  condition.  The  bed  is  overlain  by  shale  and  is  at  least  5  feet 
thick.  There  is  another  prospect  in  a  side  gulch  a  few  hundred  feet 
above  the  one  sampled. 

No8,  28  and  29,  Rifle  Creek,  Garfield  County. — The  McLeam  mine 
on  Rifle  Creek  was  the  only  property  in  active  operation  along  the 
Grand  Hogback  north  of  Rifle  Creek  gap,  and  this  and  one  other 
property  2  miles  southwest  of  the  gap  constitute  the  only  working 
developments  along  the  whole  hogback  between  Grand  and  White 
rivers.    The  McLeam  mine  is  situated  in  sec.  12,  T.  5  S.,  R.  93  W. 
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The  mine  consists  of  a  drift  in  the  eastern  face  of  the  hogback,  cutting 
across  the  basal  beds  of  the  coal-bearing  rocks  in  the  direction  of 
the  dip,  striking  the  coal  at  a  distance  of  200  feet.  This  coal  is 
estimated  to  be  500  to  600  feet  from  the  base  of  the  sandstone  ledges. 
Side  headings  are  turned  off  in  both  directions  along  the  strike  of  the 
coal  bed,  the  one  to  the  north  penetrating  the  coal  for  more  than  700 
feet.  The  south  heading  has  been  caved  by  an  explosion  and  is  at 
present  inaccessible. 

The  coal  bed  is  7  feet  3  inches  thick,  without  bony  scams  or  part- 
ings, although  a  foot  or  so  at  the  upper  or  hanging-wall  side  is  softer 
than  the  rest  and  usually  breaks  up  in  mining,  so  that  it  is  lost  as 
slack.     The  following  partly  estimated  section  was  taken  in  the  mine: 

Section  in  main  entry  of  McLeam  mine,  Rifle  Creek  (Nos.  ^8  and  29). 

Sandstone,  flaggy  (roof).  Ft.  in. 

Coal  (mined) 7    3 

Shale,  brown,  carbonaceous,  tbin  bed  at  fl<K)r. 

Interval,  mostly  sandstone 10-j- 

Coal 2 

Sandstone 20 

Coal 2 

Clay,  soft,  sandy 2 

Shale,  fine,  dark  gray 30± 

Sandstone,  white,  very  massive 60± 

Alternating  massive  white  sandstones  and  shale  to  entrance 
of  mine. 

The  coal  is  exceedingly  dusty,  and  the  dust  is  dangerously  explosive, 
so  that  this  mine  is  said  to  be  known  locally  as  the  '* shotgun"  mine. 

Nos,  30  and  31.  Keystone  mine,  Newcastle,  Garfield  County. — The 
Keystone  mine,  at  Newcastle,  was  being  worked  under  lease  at  the 
time  of  visit,  and  is  of  especial  interest  as  being  one  of  the  most 
extensive  developments  on  a  thin  coal  bed  reported  in  the  Rocky 
Mountain  coal  fields.  The  coal  be-d  varies  from  20  to  24  inches  in 
thickness,  wuth  a  roof  of  hard,  compact  clay  or  shale  of  lenticular 
character,  so  that  it  is  said  to  pinch  out  and  leave  in  places  a  roof  of 
hard  sandstone,  which  is  the  next  stratum  overlying.  The  clay  roof 
slacks  readily  when  exposed  to  the  air  and  where  it  is  thick  makes  a 
poor  roof,  as  it  drops  sooner  or  later.  The  floor  is  a  soft  carbona- 
ceous shale,  which  is  undercut  and  the  coal  falls  or  is  shot  down.  The 
coal  breaks  down  in  large  blocks,  with  no  slack  or  waste  in  handling. 

The  mine  consists  of  a  main  slope,  along  which  side  headings  on 
the  upper  lifts  have  been  worked  out  for  a  considerable  distance  and 
abandoned.  At  present  the  slope  runs  to  a  depth  of  500  feet  or  more. 
The  work  being  done  at  the  time  of  visit  was  on  the  two  headings 
from  the  lowest  level.  The  coal  is  taken  out  by  the  long-wall  method, 
the  entire  bed  being  removed  and  the  gob  or  waste  being  used  to 
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pack  the  space  worked  out  below  the  working  face.  The  analyses 
indicate  that  the  coal  is  high-grade  bituminous,  similar  to  other 
samples  collected  near  and  south  of  Grand  River,  and  distinctly  supe- 
rior to  any  sampled  in  the  region  north  of  White  River. 

Nos.  32  to  36,  Coryell  mine,  Newcastle,  Garfield  County, — The  rather 
extensive  developments  on  the  many  thick  beds  of  the  Newcastle 
section  north  of  Grand  River  have  been  idle  for  a  number  of  years, 
and  all  machinery  and  equipment  have  been  removed.  A  single 
property  known  as  the  Coryell  mine,  on  the  south  side  of  the  river, 
half  a  mile  or  so  east  of  Newcastle,  is  now  operating  under  the  man- 
agement of  the  Coryell  Mine  Leasing  Company  of  Newcastle,  con- 
trolled by  the  Rocky  Mountain  Fuel  Company.  It  is  opened  on  the 
Allen  bed,  the  old  workings  on  the  Wheeler  being  caved  and  inac- 
cessible at  this  place.  The  mine  consists  of  a  main  entry  starting  in 
at  the  base  of  the  hogback  below  the  coal  and  drifted  600  feet  in  the 
direction  of  the  dip,  to  the  point  where  the  coal  bed  is  struck.  A 
side  drift  or  heading  turns  eastward  from  this  point,  and  this  had 
penetrated  the  coal  bed  a  distance  of  625  feet  at  the  time  of  visit 
(October,  1906).  The  Allen  bed  is  14  feet  thick  and  has  a  southerly 
dip  of  about  50^,  measured  in  an  upper  lift  where  the  whole  bed  was 
well  exposed.  A  seam  or  parting  of  soft  coal  of  irregular  thickness, 
averaging  something  more  than  a  foot,  occurs  from  4  to  6  feet  above 
the  floor.  This  is  apparently  good  coal,  but  it  is  badly  crushed,  has 
a  foliated  texture,  and  yields  much  dust  in  handling.  The  dust  is 
inflammable  in  this  as  in  other  mines  of  the  district,  and  for  this 
reason  the  workings  are  sprinkled  regularly  to  avoid  explosions. 
Plans  have  been  carefully  worked  out  to  perfect  the  ventilation  of 
old  and  new  workings,  in  order  to  prevent  the  accumulation  of  explo- 
sive gas. 

The  coal  bed  is  cut  by  a  considerable  number  of  sandstone  dikes, 
which  have,  however,  been  found  only  in  the  lower  bench  of  the  coal. 
They  are  in  all  shapes  and  attitudes  in  the  coal,  most  of  them  cross- 
ing the  bedding  more  or  less  and  when  separated  from  the  coal  seem 
very  dense  and  heavy. 

The  coal  is  of  excellent  quality,  as  shown  by  the  analyses, -com- 
paring very  favorably  with  many  representative  eastern  bituminous 
coals.  It  has  a  low  ash  and  low  moisture  content  and  should  be  an 
excellent  steam  coal.  The  output  of  the  mine  was,  when  visited, 
about  175  tons  a  day,  of  which  90  tons  daily  are  used  by  the  engines 
of  the  Colorado  Midland  Railway,  the  main  track  of  that  road  passing 
close  to  the  entrance  of  the  mine. 

Nos.  37  to  39,  South  Canyon  mine,  Garfield  County,— The  mines  at 
South  Canyon  are  situated  about  a  mile  south  of  Grand  River,  in  the 
valley  for  which  they  are  named,  7  miles  east  of  Newcastle  and  about 
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5  miles  west  of  Glenwood  Springs.  The  developments  are  in  the 
NW.  I  sec.  14  and  the  NE.  J  sec.  13,  T.  6  S.,  R.  90  W.  South  Canyon 
crosses  the  hogback  or  ''Coal  Ridge/'  and  coal  beds  are  exposed  on 
both  sides  of  the  valley.  On  the  east  side  a  bed  supposed  to  be  the 
same  as  the  Wheeler  at  Newcastle  is  the  only  one  developed;  on  the 
west  this  bed  and  one  other  correlated  with  the  "D  seam^'  of  the  New- 
castle section  are  opened.  The  beds  dip  steeply  toward  the  south,  the 
inclination  measuring  something  more  than  50°.  The  Wheeler  coal 
is  about  18  feet  thick  at  this  place  and  shows  a  parting  or  slip  4i  to  5 
feet  from  the  roof.  In  mining  the  entry  is  advanced  on  the  coal  below 
the  slip,  the  upper  portion  being  taken  down  later.  The  "D  seam" 
is  about  5  feet  thick  and  is  locally  considered  to  be  better  coal  than 
the  Wheeler.  All  the  workings  are  on  the  room  and  pillar  system. 
Gas  and  dust  are  dangerous,  and  Wolff  safety  lamps  are  used. 

On  the  east  the  main  entry  runs  in  to  a  distance  of  2,650  feet  (Octo- 
ber, 1906)  and  serves  as  a  haulage  way  and  air  intake.  On  the  west 
side  of  the  gulch  the  Wheeler  bed  is  on  fire,  and  the  main  entry  of  the 
present  workings  is  driven  in  beyond  the  fire  along  the  D  bed,  with  a 
crosscut  through  87  feet  of  rock  to  the  unbumed  Wheeler  beyond. 
An  electric  tram  connects  the  mines  with  the  tipple  on  Grand  River, 
where  the  coal  is  washed  and  shipped  via  the  Colorado  Midland  Rail- 
way  to  Denver  and  Cripple  Creek.  The  mines  have  a  gravity  haul 
and  are  self-draining. 

No8.  Jfi  wnd  I^i.  Gulch  mine,  Pitkin  County, — Gulch,  or  Spring  Gulch, 
in  Pitkin  County,  is  about  21  miles  nearly  due  south  of  Glenwood 
Springs  and  is  reached  by  a  branch  of  the  Colorado  Midland  Railway 
that  leaves  the  main  Une  at  Cardiff.  The  coal  produced  is  of  coking 
quality,  the  line  separating  the  coking-coal  district  from  that  of 
poorer  noncoking  coals  to  the  north  being  reported  as  approximately 
the  Pitkin-Garfield  county  Une.  The  old  workings,  which  have  been 
abandoned  for  seven  years,  are  on  three  beds,  known  as  the  A,  B,  and 
C,  and  these  constitute  the  lower  group.  The  present  developments 
are  on  coals  about  800  feet  stratigraphically  higher  in  the  series,  known 
as  the  Sunsliine  and  Anderson  beds.  The  Sunshine  is  the  lower  and 
ranges  from  9  to  14  feet  in  thickness,  averaging  about  12  feet.  The 
Anderson  bed  is  about  50  feet  above  the  Sunshine  and  ranges  from  4J 
to  6  feet  in  thickness.  The  coal  beds  dip  toward  the  west  at  an  angle 
of  35°.  A  number  of  faults  have  been  encountered  in  the  old  work- 
ings of  the.se  coals,  but  generally  the  throw  is  less  than  100  feet.  The 
entrance  to  the  mine  is  down  a  slope  of  25°,  beyond  which  the  entry 
turns  southward  along  the  strike  of  the  rocks.  The  upper  set  of 
workings  is  extensive,  being  over  a  mile  in  length.  From  the  entrance 
of  the  mine  cars  are  let  down  to  the  tipple  over  a  gravity  plane  1 ,400 
feet  long.     At  the  tipple  the  coal  is  loaded  into  railway  cars  and 
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shipped  to  Cardiff,  where  it  is  screened,  the  coarse  lump  coal  being 
shipped  for  fuel  and  the  fine  coal  burned  for  coke.  The  output  of  this 
mine  is  reported  to  be  about  500  tons  daily. 

No8.  ^2  to  46.  Coal  Basin  mine^  Pitkin  County^— The  next  develop- 
ments south  of  Gulch  are  at  Coal  Basin,  Pitkin  County,  on  a  branch 
of  Crystal  River,  12  miles  west  of  Redstone  and  about  40  miles  by 
railroad  south  of  Glenwood  Springs.  The  coal  that  is  now  worked  is 
of  coking  quality.  These  mines  belong  to  the  Colorado  Fuel  and  Iron 
Company.  They  are  situated  in  sees.  5,  6,  7,  and  8,  T.  10  S.,  R.  89  W. 
The  main  haulage  way  extends  in  about  2,000  feet  toward  the  south- 
west, in  the  direction  of  the  dip,  and  from  this  entry  a  number  of  side 
headings  have  been  driven  on  various  levels.  A  double  coal  bed  has 
been  opened  at  this  locality,  the  two  benches  being  separated  by  a 
parting  that  ranges  in  thickness  from  2  inches  to  at  least  4  feet.  The 
upper  bench  is  from  7  to  10  feet  thick  and  is  the  only  one  mined,  the 
lower  part  of  the  bed  being  dirty  and  not  of  coking  quality.  The  rocks 
have  a  much  lighter  dip  than  at  the  localities  farther  north,  measure- 
ments taken  ranging  from  12*^  to  16*^  W.  The  strike  of  the  beds  is 
about  N.  35*"  W. 

There  are  many  rolls  in  this  mine — that  is,  inequalities  of  roof  and 
floor — and  a  number  of  faults,  all  of  normal  type.  The  floor  heaves 
rapidly  as  the  coal  is  taken  out  and  a  gang  is  kept  constantly  "brush- 
ing'^ the  levels  and  entries — that  is,  lowering  the  tracks  by  cutting 
the  entry  deeper  as  the  floor  rises.  Many  props,  which  are  the  only 
timbers  used,  are  buckled  and  broken.  As  the  mine  is  very  gaseous 
Wolff  safety  lamps  are  used  and  all  of  the  coal  is  picked  down  instead 
of  being  shot.     Powder  is  used  only  in  the  rock  crosscuts. 

The  tipple  is  below  the  entry  and  this  involves  a  main  and  tail-rope 
system  of  haulage.  The  cars  are  of  steel  and  hold  2  tons  each.  About 
100  men  are  employed  at  the  mine,  of  whom  55  are  miners.  The  out- 
put is  said  to  be  450  tons  daily.  The  entire  product  is  madQ  into  coke 
at  Redstone,  whence  it  is  shipped  to  the  company's  plant  at  Pueblo. 

No8.  Jfl  to  62.  Surdigkt  mine,  Oarjidd  County. — The  Sunlight  mine 
is  situated  north  of  the  properties  at  Gulch  and  about  15  miles  by 
railroad  south  of  Glenwood  Springs.  Four  workable  beds  are  exposed. 
The  following  section  is  typical  of  this  locality: 

Section  at  Sunlight  mine. 

Ft.    In. 

Coal  ("D  seam' 0 9 

Shale 25 

Coal  ("C  seam' ') 3 

Shale  and  sandstone 6    10 

Shale 9 

Cool  ("A  seam*') 10 

62    10 
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The  main  entry  is  a  drift  and  runs  in  a  total  of  2,500  feet,  the  first 
1,100  feet  of  which  is  iathe  rock  along  the  strike  of  the  beds,  that  part 
of  the  coal  bed  being  on  the  property  of  the  Colorado  Fuel  and  Iron 
Company.  The  A  bed  is  first  struck  and  from  it  crosscuts  are  driven 
to  the  B,  C,  and  D.  The  rocks  strike  N.  10°  W.  and  dip  44°  W.  The 
A  and  D  beds  are  the  only  ones  now  worked  and  all  of  the  coal  is  used 
for  roasting  ore.  The  coal  is  said  to  be  noncoking.  Naked  lights  are 
used,  although  there  is  undoubtedly  much  gas  and  dust  in  the  mine. 

About  800  feet  stratigraphically  above  this  lower  group  of  coal  beds 
is  an  old  working  on  a  bed  known  as  the  Sunshine,  said  to  be  16  feet 
thick.  This  was  formeriy  worked  by  the  Colorado  Fuel  and  Iron 
Company,  but  is  reported  to  have  proved  unsatisfactory  as  a  coking 
coal. 

No8.  53  to  56.  Pocdhanias  mine,  Oarfield  County, — The  Pocahontas 
mine  is  situated  about  a  mile  north  of  Sunlight  and  is  the  property  of 
the  Rocky  Mountain  Fuel  Company.  Two  beds  are  worked  at  this 
place  and  are  known  as  the  A  and  D.  The  main  entry  is  driven  in 
about  2,500  feet.  The  A  bed  is  reported  to  be  16  feet  thick,  but  the 
lower  portion  contains  so  much  bone  that  it  can  not  be  worked  advan- 
tageously, only  the  upper  7  feet  being  considered  of  value.  The  fol- 
lowing Is  a  section  of  the  beds  exposed  at  this  locaUty: 

Section  near  the  Pocahontas  mine. 

Ft.     in. 

Coal  ("D  seam") 12 

Shale 17 

Coal  C '  C  seam  " ) 7      6 

Shale 7      6 

Coal 1 

Interval 4 

Coal  (^'Bseam") 3      6 

Interval  estimated 20 

Coal  ("A  seam") 7 

Shale,  bony 9 

88      5 

The  strike  of  the  beds  at  this  mine  is  N.  14°  W.,  and  the  dip  42°  W. 

From  the  entrance  of  the  mine  to  the  tipple  there  is  a  straight 
double-track  gravity  plane  5,200  feet  long.  Seven  cars  are  let  down 
at  a  trip.     The  output  is  reported  to  be  about  150  tons  daily. 

The  C  bed,  which  is  about  7  feet  thick,  gave  the  following  measure- 
ments : 

Section  qf'^C  seam,^^  Pocahontas  mine. 

Shale  roof.  Ft.     in. 

Coal 3      11 

Shale 4 

Coal 3        6 

Shale  floor.  

11        6 
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Nos.  o7-Gl.  Black  Diamond  mine,  Garfield  County, — ^The  next 
development  east  of  South  Canyon  is  the  Black  Diamond  mine. 
This  is  owned  by  the  Empire  Coal  Company,  and  at  present  is  leased 
by  the  Cardiff  Coal  Company,  of  Leadville.  It  is  situated  8  miles 
southwest  of  Glenwood  Springs.  The  mine  has  been  lying  idle  for 
seven  years  and  is  now  being  reopened.  The  section  is  reported  to 
contain  seven  beds  of  workable  coal.  Of  these,  the  lowest  is  5  feet 
thick,  and  is  known  as  the  "  Black  Diamond  seam."  An  entry  made 
on  tliis  bed  serves  as  a  main  haulage  way.  Crosscuts  are  made  from 
the  main  entr}^  into  a  16-foot  and  a  12-foot  bed  above.  These  beds 
strike  N.  27°  W.  and  dip  52*^  SW.  The  Black  Diamond  coal  is  said  to 
be  of  the  best  quality.  The  mine  is  not  gaseous,  and  has  excellent 
natural  ventilation.  A  Mitchell  tipple  and  a  5,000-foot  tramway  are 
at  present  under  course  of  construction. 

The  16-foot  bed  is  split  by  a  lens  of  shale,  and  the  following  meas- 
urements were  made  of  the  upper  portion,  of  which  the  lower  2  feet 
is  verj"  soft : 

Section  of  upper  portion  of  16-foot  bed  at  Black  Diamond  mine  (No.  57). 

Ft.  In. 

Coal 2  2 

"MothorVoal" 1 

Coal 1  10 

Parting 2 

Coal 5 

9        3 

The  low^er  portion  of  the  16-foot  bed  is  separated  from  the  upper 
portion  by  a  locally  thick  shale  parting,  which  is  said  to  pinch  out 
within  a  distance  of  300  feet.  The  Black  Diamond  seam  is  a  5-foot 
bed  of  excellent  domestic  coal,  with  no  partings. 

QUALITY  OF  THE  COAL. 

The  coal  examined  and  tested  is  a  good  grade  of  bituminous,  and 
the  samples  taken  are  thought  to  be  fairly  indicative  of  the  average 
content  of  the  field.  North  of  White  River  the  coal  is  apparently 
similar  to  that  occurring  in  the  western  part  of  the  Yampa  field, 
and  this  district  comprises  the  greater  part  of  the  available  coal  of 
the  fields  here  described.  South  of  White  River  the  coal  tested  is 
somewhat  higher  grade  than  any  other  hitherto  examined  in  the 
northwestern  part  of  the  State,  with  the  exception  of  the  anthracite 
occurring  locally  in  Routt  County.  Unfortunately  no  good  samples  of 
fresh  coal  were  available  along  the  Grand  Hogback  for  about  30  miles 
south  of  White  River.  The  coals  that  were  analyzed  from  Rifle  Creek 
and  from  the  districts  southeast  of  that  point  showed  a  very  uniform 
and  in  most  cases  a  marked  increase  in  efficiency  as  compared  to  those 
from  the  districts  farther  north.    The  improvement  in  the  quality  ~* 
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the  coal  toward  the  south  in  the  Grand  River  region,  as  shown  by  the 
analyses,  may  be  due,  in  part,  to  the  more  extensive  developments  of 
those  districts,  most  of  the  samples  being  obtained  from  a  much 
greater  depth  and  perhaps  of  fresher  coal.  On  the  other  hand,  there 
seems,  also,  to  be  a  marked  regional  change,  the  effect  on  the  character 
of  the  coal  being  shown  by  a  decrease  in  moisture  content  and  a  cor- 
responding increase  in  fixed  carbon  and  volatile  constituents.  In  cer- 
tain districts  local  metamorphism  from  volcanic  intrusion  seems 
apparent,  as  for  example,  at  Coal  Basin,  where  one  or  more  beds  of 
coking  coal,  high  in  fixed  carbon,  comparatively  low  in  volatile  matter, 
and  with  a  very  small  moisture  content,  have  been  produced. 

During  the  progress  of  this  investigation  61  samples  of  coal  were 
collected  from  different  parts  of  the  field  for  analysis.  The  results  of 
the  analyses  of  these  samples  are  given  in  the  following  table.  As  the 
figures  here  given  express  the  composition  of  the  samples  as  received 
at  the  laborator}^  in  sealed  air-tight  cans  and  also  the  composition  of 
air-dried  samples,  they  should  be  directly  comparable  to  most  of  the 
analyses  that  have  been  previously  made  of  the  coals  from  these  locali- 
ties. All  chemical  analyses  and  calorific  determinations  of  samples 
collected  during  the  progress  of  this  work  were  made  at  the  fuel-test- 
ing plant  of  the  United  States  Geological  Survey  at  St.  Louis,  Mo.,  by 
F.  M.  Stanton,  chief  chemist. 

In  determining  the  value  of  a  coal  from  its  chemical  analysis,  and 
also  in  comparing  one  analysis  with  another,  it  is  important  to  know 
how  the  sample  was  taken,  how  it  was  treated,  after  it  was  obtained, 
and  how  the  analysis  was  made,  especially  the  determination  of 
moisture.  In  this  work  the  samples  were  all  collected  and  treated 
according  to  the  following  methods  of  sampling  adopted  by  the  fuel- 
testing  plant: 

After  the  face  of  the  coal  was  cleaned  of  weathered  coal  and  powder  smoke  a  cut  was 
made  across  the  face  of  the  bed  from  roof  to  floor,  including  all  of  the  benches  of  coal 
mined  and  such  impurities  as  were  not  removed  in  ordinary  work.  This  cut  was  about 
3  inches  wide  and  1  inch  deep;  the  coal  obtained  from  it,  amounting  to  25  [to  100] 
pounds,  was  caught  upon  an  oilcloth  [or  heavy  canvas  square]  spread  upon  the  floor  of 
the  mine  so  as  to  protect  the  samples  from  water  and  from  admixture  of  shale  and  clay 
fragments  that  usually  abound  in  such  places. 

The  coal  composing  the  sample  was  then  pulverized  and  quartered  down,  according 
to  the  generally  accepted  rules  for  preparing  samples,  until  a  quart  sample  was  obtained, 
the  particles  of  coal  being  reduced  to  a  size  not  mucli  greater  than  one-half  inch  in 
diameter.  The  sample  was  placed  in  an  air-tight  galvanized-iron  can,  having  a  screw 
top,  and  the  can  was  hermetically  sealed  by  screwing  the  t<^)p  down  tight  and  covering 
the  joint  with  adhesive  tape.  The  can  containing  the  sample  was  then  mailed  to  the 
testing  plant.  Wlien  it  reached  the  chemical  laboratory,  the  sample  was  at  once  trans- 
ferred t^)  a  glass  jar,  in  which  it  was  sealed  until  the  time  arrived  for  making  a  chemical 
analvsis. 

By  being  scaled  at  the  mine  the  sample  reached  the  chemical 
laboratory  with  its  moisture  content  unchanged.  Part  of  this  mois- 
^ure  js  inherent  in  the  coal  and  part  is  extraneous,  either  derived  from 


COAL  OP  DANPORTH  HILLS  AND  GRAND  HOGBACK,  COLO.         297 

wat-er  in  the  mine  or  from  the  atmosphere.  In  order  to  eliminate 
some  of  the  extraneous  moisture,  the  samples,  during  the  first  year*s 
work  at  the  testing  plant,  were  exposed  to  the  air  after  they  were 
pulverized  until  they  reached  a  fair  degree  of  constancy  of  weight  and 
then  were  analyzed.  The  amount  lost  during  the  exposure  to  the  air 
is  noted  in  the  report  as  *'loss  of  moisture  on  air  drying."  This 
method,  however,  was  found  to  be  unsatisfactory,  since  the  amount 
of  loss  depended  almost  entirely  upon  the  degree  of  saturation  of  the 
air,  and  this  varied  greatly  from  day  to  day. 

Later,  when  these  samples  and  those  from  the  Yampa  field  were 
analyzed,  the  method  was  changed,  the  samples  being  artificially 
dried  in  order  to  secure  greater  uniformity  of  the  moisture  content, 
the  method  being  as  follows:** 

In  order  to  make  determinations  of  the  loosely  held  moisture  more  uniform  and  defi- 
nite, a  special  drying  oven  has  been  designed  and  introduced  into  the  laboratory.  In 
this  oven  samples  of  several  pounds  weight  can  be  dried  in  a  gentle  current  of  air, 
raisc^d  from  10°  to  20°  above  the  temperature  of  the  laboratory.  In  this  way  the  coal 
is  air  dried  in  an  atmosphere  with  a  very  low  dew-point  and  not  subject  to  large  per- 
centage variations,  and  the  results  obtained  were  considerably  more  concordant. 

Analyses  of  coal  samples  from  Danforth  Ilills  and  Grand  Hogback  coal  fields,  in  north' 

western  Colorado. 


Laboratory  No. _ , 


Analysis   of  sample  as   re- 
ceived: 

2.  [Moisture 
^  I  Volatile  matter 
«  '  Fixed  carbon 

^  /Ash 

\Sulphur 

^  Hyar(^en 

rr-  Carbon 

•^  Nitrogen 

Oxyeen 

Caloriflc  value  determined: 

Calories 

British  thermal  units 

Loss  of  moisture  on  air  dry- 
ing  


Analysis  of  air-dried  sample: 

.  [Moisture 

o  I  Volatile  matter 

*;'  Fixed  carbon 

^  JAsh 

[Sulphur 

.   Hydrogen 

^  Carbon 

'^   Nitrogen 

(Oxygen 

Calorific  value  determined: 

Calorie? 

British  thermal  units. . . 


Thickness  of  coal  bed 

Thickness  of  part  sampled. 


Lay, 

20-foot 

bed. 


3463. 


14.65 

34.73 

44.48 

6.14 

.  vu 

5.80 
60.07 

1.10 
25.90 

10,564 


Lay, 
Pea- 
cock 
bed. 


Lay, 

Swee- 

ne] 


3461.        3462. 


13.31 

35.18 

46.53 

4.98 

.90 


12.31 

36.17 

45.40 

6.12 

1.10 

5.75 

62.72 

1.16 

23.15 

6,163 
11,093 


5.30 


4.50 


9.87 
36.67 
46.97 

6.49 


9.23 
36.84 
48.72 

5.21 


1.05 
5.50 

63.43 
1.16 

22.37 

.94 

1.14 
5.53 

65.33 
1.22 

20.41 

6,196 
11.156 

6,419 
11,554 

Ft.  in.    Ft.  in. 
20    3        9 
5    7        7 


4.00 


8.66 
37.66 
47.29 

a  37 


Ft.  in. 
7  10 
5    5 


Axial. 


3466. 


n.25 

38.80 

47.92 

2.03 

.32 


3.50 


8.03 
40.21 
49.66 

2.10 
.33 


Ft.  in. 
24  11 
10 


3483. 


4.40 


8.50 

33.24 

52.84 

5.42 

1.42 


Meeker. 


3482.    ,    3498. 


12.53 

10.31 

31.78 

34.86 

50.51 

45.23 

5.18 

9.60 

1.36 

.73 

9.41 
37.97 
45.38 

7.24 
.75 

5.34 
63.30 

1.23 
22.05 

6,291 
11.324 


3.20 


7.34 
36.01 
46.73 

9.92 
.75 


Ft.  in. ;  Ft.  in. 


4    I 
4    I 


21    7 
9    8 


2.40 


7.18 
38.90 
46.50 

7.42 
.76 

5.20 
64.95 

1.26 
20.41 

6,446 
11.602 


3504.      3502. 


12.00 

40.04 

45.72 

2.24 

.51 


9.00 
41.40 
47.28 

2.32 
.53 


13.20 

39.02 

42.35 

5.43 

.68 


1 

r  *  ' 

3.30 

3.20 

10.33 

40.31 

43.75 

5.61 

.70 


Ft.  in.  Ft.  in.  Ft.  in. 
6  3  9  !  8  5 
6    3  I      6    6         8    5 


a  Bull.  U.  S.  Geol.  Survey  No.  290,  1906,  pp.  29-30. 
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Analyses  of  coal  samples  from  Danforth  Jlills  and  Grand  Hogback  coalfields,  in  north- 
western Colorado — Continued. 


Deepcl 

lunnel 
5ek. 

3569. 
21.02 

Morgan  Gulch. 

3688.        3090. 

15. 26       15. 37 

30. 70       35. 21 

50.33       43.11 

3. 71         6. 31 

.55           .97 

Box 
Elder 
Gulch, 
pros- 
pect 
pit. 

3(i80. 

31.40 

32.66 

30.91 

5.03 

.33 

3703. 

14.18 
34.78 
44.46 

6.58 
.56 

5.81 
00.62 

1.01 
25.42 

5,838 
10,508 

Axial. 

3704. 

12.01 
35.83 
47.54 

4.62 
.52 

5.44 
63.87 

1.35 
24.20 

6,312 
11.362 

3707. 

13.15 
36.44 
47.54 

2.87 
.57 

5.48 
64.12 

1.07 
25.80 

6.328 
11,390 

Thom- 
burg. 

Labor 

Anoly 
ceiv< 

rttory  No 

sis   of  sample  as   re- 

Ki: 

[Moisture 

3571. 
19.21 

3792. 
10.81 

K 

Volatile  matter 

Fixed  carbon 

34. 12 

40.81 

5.86 

.59 

39.32 

33.58 

6.08 

.47 

33.94 
45. 30 

Ph 

(Ash 

9.95 

• 

ISulphur 

iydrogen 

.52 

Carbon 

>^ 

Nitrogen 

' 

Oxygen 

Caloril 
Ca 
Bi 

ic  value  determined: 
lories 

itish  thermal  units 

Loss  of  moisture  on  air  dry- 
ing  

4.40 

5.70 

6.50 

6.20 

17.60 

6.30 

3.40 

4.90 

3.30 

Analy 

Bis  of  air-dried  sample: 
Moisture 

15.49 

35.69 

42.00 

6.13 

.62 

16.  24 

41.70 

35.61 

6.45 

.50 

9.37 
32.83 
53-83 

3.97 
.59 

9.77 

37.54 

45.90 

6.73 

1.03 

16.75 

39.  (>4 

37.51 

6  10 

.40 

8.41 
37.12 
47  45 

7.02 
.60 

5.46 
64  69 

1.08 
21.15 

6,231 
11,214 

8.91 
37.09 
49.22 

4.78 
54 

5  24 
66.12 

1  40 
21.92 

6,5.34 
11.762 

8.67 
38  32 
49.99 

3.02 
.60 

5.20 
67.42 

1.12 
22.64 

6.654 
11,977 

7.77 

H 
O 

Volatile  matter 

Fixed  carl)on 

35  10 
46.84 

(U 

lAsh 

10.29 

ISulphur 

.54 

• 

Hydrogen 

Carbon 

P 

Nitrogen 

1 

Oxygen 

Caloril 
Ca 

(Ic  value  determined: 

lories 

Bi 

itish  thermal  units 

1 

Thickness  of  coal  l>cd 

Thickness  of  part  sampled. . . 

Ft.  in. 

7    2 
6    2 

Ft.  in. 

74- 
6- 

Ft.  in. 
104- 
6 

Ft.  in. 
104- 
5    2 

Ft.  in. 
94- 
5 

Ft.  in. 
26  10 

8 

Ft.  in. 

84- 
6    4 

Ft.  in. 

144- 

7    6 

Ft.  in. 
18± 

t 

Coal 
Creek. 


Coal 
Creek, 
prob- 
ably 
"Old 
Gov- 
ern- 
ment 
bank.'*" 


Meeker. 


Spring 
Meeker.  Creek, 
Curtis    Nine- 
Creek,     mile 
i  Hill. 


Laboratory  No. 


Analysis   of  sample  as   re- 
ceived: 

.  [Moisture | 

g  I  Volatile  matter 

•^ "  Fixed  carbon 

^     fAsh ; 

iSulphur 

^   Hydrogen 

rr<Carbon 

•^   Nitrogen 

I  Oxygon 

Calorific  value  determined:     I 

Calories 

British  thermal  unit.n | 

Loss  of  nioi.sture  on  air  drv-  i 

ing ■  ..' 


3791. 


13.00 
30. 17 
45.57 


:{845.    I    3848. 


3850. 


5. 
61. 
1 


-I   ' 


60 
45 
71 
92 
32 


25. 94 


11. 
3.1 

48. 
6 

5' 
(»;{ 

1 
21 


90 
14 
30 
60 
47 
72 
S9 
%i 

9;j 


N 

11.22 

13.39 

33.43 

33.  76 

48.78 

47. 07 

6.57 

5.18 

.57 

.52 

6.073  I ,     6.29H 

10.931    1   11.3:30 


3847.    ;    3849.    '    3851.    .  3846. 


I 


12  03 

12.55 

8.88 

24.87 

34. 21 

34  (>4 

33  51 

:2.30 

47.43 

48.63 

48.12 

38.92 

0  33 

4.18 

9.49 

3.91 

.51 

.47 

.67 

.49 

5  72 

04.31 

i 

1.30 

1 

21.83 

1 

t\  iw^ 

11.491 


4.10 


3  70 


0.10 


4  20 


3.(i0 


3. 70 


2.  .50       15. 10 


o  Republished  from  Hills.  R.  C,  Mineral  Resources  U.  S.  for  1892,  U.  S.  Geol.  Survey,  1893,  p.  304. 
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Analyses  of  coal  samples  from  Danforth  Hills  and  Grand  Hogback  coal  fields,  in  north- 
western Colorado — Continued. 


Laboratory  No. 


K 
O 
u 


Analysis  of  air-dried  sample: 

[Moisture 

Volatile  matter 

Fixed  carbon , 

JAsh 

(Sulphur 

^  Hydrogen 

r*  •  Carbon 

•^  Nitrogen 

lOxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . . 


Thickness  of  coal  bed 

Thickness  of  part  sampled. . 


Meeker. 


.Spring 
Meeker,  Creek, 
Curtis  I  Nine- 
Creek.  I  mile 

!  HilL 


3791 


9.90 
37.72 
47.52 

4.86 
.47 

5.47 
64.57 

1.38 
23.25 

6,333 
U.397 


Ft.  in, 
25+ 
8    9 


3845. 


7.63 
36.61 
53.11 

2.65 

.48 


11,010 


8.51 
34.41 
50.16 

6.92 
.49 

5.51 
66.34 

1.38 
19.'36 

6,540 
11,772 


Ft.  in. 


Ft.  in. 
7 
5    8 


3849.       3851. 


3846. 


9.19 

6.54 

35.97 

34.37 

50.50 

49.35 

4  34 

9.74 

.49 

.60 

11.51 

38.05 

45.88 

4.64 

.50 


6,622 
11,920 


Ft.  in.  j  Ft.  in.    Ft.  in. 
7        I      7    8    '»20± 
5    1,39        73 


Ft.  in. 

7± 
5    3 


Ft.  in. 
5+ 
4  10 


Ft.  in. 
5± 
4    6 


Laboratory  No. 


Analysis  of  sample  as   re- 
ceived: 

.  (Moisture 

g  I  Volatile  matter 

»- '  Fixed  carbon 

'^[/Aah 

ISulphur 

^   Hydrogen 

^  < Carbon 

*^  Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 

lA)aa  of  moisture  on  air  dry- 
ing  


Analysis  of  air-dried  sample: 

.  TMoisture 

o  I  Volatile  matter 

J^ '  Fixed  carbon 


^UAsh 

ISulphur 

^   Hydrogen 

r""  Carbon 

■^  Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


Thickness  of  coal  bed 

Thickness  of  part  sampled. 


Rifle  Creek. 


'Harvey 
or  pry 

Gap, 
14-foot 

bed.b 


3943. 


6.32 

7.21 

36.90 

36.09 

50.84 

51.39 

5.94 

5  31 

1.12 

.09 

5.48 

5.50 

68.72 

68.21 

1.57 

1.58 

17.17 

18.71 

6.903 
12,425 


2.10 


4.31 

37.60 

51.93 

6  07 

1.14 

5.36 

70.20 

1.60 

15.  (» 

7.072 
12,601 


3946. 


Harvey 
or  Dry 
Gap, 
Wheel- 
er bed.* 


6.856 
12,341 


3.10 


4.24 
37.24 
53.04 

5.48 
.71 

5.32 
70.39 

1.63 
16.47 

7.075 
12,736 


Ft.  in. !  Ft.  in. 
73;  73 
7    3,      59 


4.54 
40.67 
51.09 

3.70 
.55 


12.933 


Newcastle. 


3936. 


3.68 
36.66 
52.77 

6.89 
.44 

5  12 
71.99 

1.39 
14.17 

7,178 
12.920 


4.81 
36.45 
45.79 

2.95 
.53 


.90 


11,412 


2.81 
36.99 
53.25 

6.95 
.44 

5.07 
72.65 

1.40 
13.49 

7.243 
13.037 


Ft.  in. 


Ft.  in.i  Ft.  in. 
2- 
1    8 


3932.       3938.    I    3933.       3937 


4.16 
35.55 
54.94 

5.35 
.42 

5.27 
73.24 

1.44 
14.28 

7,290 
13,122 


3.51 
38.38 
63.17 

4.94 
.54 

5.10 
72.86 

1.74 
14.82 

7,370 
13,266 


3.51 
38.50 
63.34 

4.65 
.52 


4.00 
38.41 
53.74 

3.85 
.51 


1.00 


80 


70 


1.20 


3.19 
35.91 
55.49 

5.41 
.42 

5.21 
73.98 

1.45 
13.53 

7.364 
13,255 


2.73 
38.69 
53.60 

4.98 
.54 

5.05 
73.45 

1.76 
14.22 

7.429 
13.373 


2.83 
3a  77 
53.72 

4.68 
.52 


2.83 
38.88 
54.39 

3.90 
.52 


Ft.  in. 
2- 
1    8 


Ft.  in. 
14 
9 


Ft.  in. 
14 
4    2 


Ft.  in. 
14 
5    3 


a  Thickness  reported:  not  verified. 

f>  RepubUshed  fiDm  Hills,  R.  C,  Mineral  Resources  U.  8.  for  1892,  U.  S.  Geol.  Survey,  1893,  p.  364. 
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Analyses  of  coed  samples  from  Danforth  Hills  and  Grand  Hogback  coal  fields,  in  north- 
western Colorado — Continued. 


South  Canyon,  I  ^^"^^    ^o^*^^' ,  ?"Jf  ^'  i 
Newcastle.     .   ea«t  Wheeler  ,    ^an-^     Sun;  ^^er-     c^,  Ba-ln. 

°^-  'bed.       bed.    '    bed. 


Laboratory  No 3935. 


In 
04 


Analysis  of  sample  as  re- 
ceived: 

.  fMoisture 

g  I  Volatile  matter 

^  I  Fixed  carbon 

fAsh 

[Sulphur 

[ydn^n 

Carbon 

Nitrog^i 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 


k 


Loss  of  moisture  on  air  dry- 
ing  


Analysis  of  air-dried  sample: 

K  [Moisture 

g  Volatile  matter 

pL<  Fixed  carbon 

?Ash 

jSulphur 

^  Hydrogen 

^'  Carbon 

^  Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units 


4.04 
37.06 
52.56 

5.74 
.53 


1.10 


2.97 
38  08 
53.14 

5.81 
.54 


3939. 


4.06 
38.20 
52.71 

5.03 
.51 

5.24 
72.98 

1.71 
14.53 

7,352 
13.234 


1.20 


2.90 
38.  G6 
53.35 

5.09 
.52 

5.17 
73.87 

1.73 
13.62 

7.441 
13.394 


3959. 


6.55 
36.63 
47.80 

8  93 
.48 


<mo. 


2.20 


Thickness  of  coal  bed 

Thickness  of  part  sampled. . 


Ft.  in. 

14 

9 


Ft.  in. 

14 
14 


4.45 
37.45 
48.97 

9.13 
.49 


5.51 
35.89 
48.76 

9.84 
.29 

5.27 
65.66 

1.36 
17.58 

6,606 
11.891 


3961.       4010. 


7.44 
36.18 
53.90 

2.48 
.47 

536 
69.73 

1.65 
20.31 

7,047 
12,685 


2.30 
34.74 
66.71 

&25 
.44 

5.23 
76.12 

1.54 
10.42 

7.766 
13,979 


1.70 


3.10 


1.20 


4009. 


2.77 
35.15 
58.68 

3.40 
.46 


4041.    '   4043. 


1.33 
21.48 
70.24 

6.95 
.51 


1.15 
22.43 
68. 85 

7.57 
.48 


1.50 


40 


.30 


Ft.  in. 

18 -H 
12    8 


3.88 

36.51 

49.60 

10.01 

.30 

5.17 
66.79 

1.38 
16.35 

6.720 
12.106 


4.48 

1.21 

1.29 

37.34 

35.17 

35.69 

55.62 

57.30 

59.57 

2.56 

6.32 

3.45 

.49 

.45 

.47 

5.18 
71.96 

1.70 
18.11 

7.376 
13.090 


5.16 

77.05 

1.56 

9.46 

7,860 
14,149 


I     ••, 


93 
21.57 
70.52 
6.98 
.51 


.85 

22.50 

69.00 

7.50 

.48 


Ft.  in. 


15  10 


Ft.  in.    Ft.  in.  '  Ft.  in.  \  Ft.  in. 


4    8!     14± 
4    8 


4    10    a  20 
4    10  I      6    3 


Ft.  in. 
a20 
7    6 
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Analyses  of  coal  samples  from  Danforih  Hills  arid  Grand  Hogback  coal  fields,  in  north- 
western Colorado — Continued. 
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THE   BOOK  CLIFFS   COAL  FIELD,  BETWEEN   GRAND 
RIYER,  COLORADO,  AND  SUNNYSIDE,  UTAH. 


By  G.  B.  Richardson. 


rNTRODUCTION. 

The  Book  Cliffs  coal  field  is  part  of  the  southern  edge  of  an  immense 
basin  in  western  Colorado  and  eastern  Utah  around  which  the  out- 
crop of  coal-bearing  rocks  can  be  traced  for  more  than  500  miles. 
PL  XVIII  shows  the  outline  of  this  field.  On  the  southwest  from 
the  vicinity  of  Mount  Hilgard,  Utah,  northward  to  Castlegate,  the 
coal  measures  form  the  eastern  escarpment  of  the  Wasatch  Plateau. 
Thence  they  trend  southeastward  to  Grand  River,  constituting  in 
the  Book  Cliffs  the  southern  rim  of  the  Uinta  Basin.  Beyond  Grand 
River  the  coal  measures  continue  eastward,  forming  the  southern 
base  of  Grand  Mesa  and  extending  to  the  vicinity  of  Crested  Butte. 
From  that  place  the  outcrop  trends  northward  and,  crossing  Grand 
River  again  in  the  vicinity  of  Newcastle,  continues  northward  along 
the  Grand  Hogback  to  the  Danforth  Hills.  Thence  the  coal  meas- 
ures turn  westward  and  outcrop  along  the  southern  flank  of  the  Uinta 
Mountains.  This  great  coal  field  has  been  but  partially  prospected 
and  mines  are  in  operation  in  only  a  few  localities,  but  enough  of  the 
area  has  been  explored  to  prove  that  it  is  one  of  the  most  important 
coal  reserves  of  the  Rocky  Mountain  region. 

Coal  has  long  been  known  to  be  present  in  the  Book  Cliffs.  The 
geology  of  the  region  was  first  studied  by  A.  C.  Peale,"  of  the  Hayden 
Survey,  in  1876.  The  field  is  mentioned  by  R.  C.  Hills  ^  in  his  report 
on  the  ^'Coal  fields  of  Colorado,"  and  by  L.  S.  Storrs''  in  his  paper 
on  the  *^Rockv  Mountain  coal  fields."  ^Vrthur  Lakes  has  also  re- 
ferred  to  part  of  the  area  **  and  has  described  the  Book  Cliff  mines.* 
But  the  coal  was  not  examined  in  detail  until  1905,  when  J.  A.  TaS/ 
of  the  United  States  Geological  Survey,  studied  the  western  part  of 

a  Geological  report  on  the  Grand  River  district:  Tenth  Ann.  Kept.  U.  8.  Geol.and  Oeog.  Survey  Terr., 
1878,  pp.  170-185. 
^  Mineral  Resources  U.  S.  for  1892,  U.  S.  Geol.  Survey.  1893.  p.  353. 
c  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  3, 1901,  p.  436. 
d  The  Grand  River  coal  field:  Mining  Reports,  vol.  51,  1905.  pp.  379-381. 
e  The  Book  Clifl  coal  mines:  Mines  and  Minerals,  vol.  24.  1904,  pp.  280-291. 
/  The  Book  CMs  PPaJ  field:  BuU.  U.  8.  Geol.  Surv^ey  No.  285, 1906,  pp.  289-302. 

302 


BOOK   CLIFFS   COAL   FIELD,   COLORADO-UTAH.  803 

the  field  from  the  vicmity  of  Sunnyside  to  Castlegate,  Utah,  and  its 
southern  contmuation  along  the  escarpment  of  the  Wasatch  Plateau. 
During  the  summer  of  1906  the  writer,  assisted  by  W.  D.  Neal, 
L.  J.  Pepperberg,  and  C.  D.  Perrin,  made  a  reconnaissance  survey  of 
the  eastern  part  of  the  Book  Cliffs  field,  from  the  point  where  Mr. 
Taff's  work  terminated  to  Grand  River,  Colorado.  The  following  pages 
are  an  abstract  of  a  more  detailed  report,  which  will  soon  be  published. 

TOPOGRAPHY. 

The  Book  Cliffs  form  the  southern  margin  of  the  Book  or  Tavaputs 
Plateau,  which  is  separated  from  the  San  Rafael  Swell  and  the 
Uncompahgre  Plateau  on  the  south  by  a  broad  lowland.  The  eleva- 
tions range  from  4,000  to  10,000  feet  above  sea  level.  The  area  is 
drained  by  Green  and  Grand  rivers,  which  unite  to  form  the  Colorado 
about  60  miles  south  of  the  Book  Cliffs. 

The  lowland  at  the  base  of  the  Book  Cliffs  extends  in  a  curved  but 
general  westerly  direction  from  Palisades,  Colo.,  to  Green  River, 
Utah,  and  thence  northwestward  to  Helper,  a  distance  of  190  miles. 
In  the  area  here  considered  this  belt  of  lowland,  averaging  about  12 
miles  in  width,  lies  between  the  Book  Cliffs  on  the  north  and  low  hills 
on  the  south.  It  is  an  undulating  desert  plain  that  rises  gently 
toward  the  bordering  highlands.  In  the  vicinity  of  the  cliffs  there 
are  outlying  buttes,  and  the  shale  is  eroded  into  badlands.  Adjoin- 
ing the  cUffs  there  are  local  fringing  remnants  of  an  old  outwash 
gravel-covered  plain  through  which  the  streams  have  cut  their  way 
100  feet  or  more,  and  south  of  Grand  River,  near  PaUsades,  a  system 
of  terraces  is  well  developed. 

The  Book  Cliffs  extend  from  Grand  River,  Colorado,  to  Helper, 
Utah,  at  the  east  edge  of  the  Wasatch  Plateau.  They  occupy  a  belt 
from  1  to  10  miles  wide  in  which  the  elevation  rises  from  2,000  to 
6,000  feet.  In  places  the  rise  is  abrupt  in  one  sharp  precipitous 
slope,  but  usually  it  is  accomplished  by  a  series  of  cUffs  and  interven- 
ing benches.  The  rocks  composing  the  escarpments  are  alternating 
beds  of  sandstone  and  shale  Ijdng  almost  flat,  and  the  strata  present 
the  appearance  of  the  leaves  of  a  book  when  lying  on  one  side;  hence 
the  name. 

In  the  area  here  discussed  the  cliffs  extend  in  an  S-shaped  belt 
from  Palisades  to  Sunnyside.  At  the  east  they  are  much  dissected 
by  Roan  Creek  and  its  tributaries,  and  a  subordinate  escarpment 
known  as  the  Little  Book  Cliffs  extends  northwestward  from  the 
mouth  of  the  Grand  River  canyon.  The  top  of  the  Little  Book 
CUffs  marks  the  crest  of  a  hogback  whose  northeastern  flanks  consti- 
tute a  dip  slope,  and  the  area  between  the  Little  Book  Cliffs  and  Roan 
Creek  is  a  gentle  northeastward-sloping  monocline  dissected  by 
southeastward-flowing  streams. 

9411— Bull.  316-07 20 
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West  of  the  headwaters  of  Roan  Creek  the  Book  Cliffs  proper 
extend  to  the  end  of  the  area  mapped.  Erosion  by  East  and  West 
Salt  Creek  has  caused  the  rim  of  the  Book  Plateau  to  recede  so  that 
the  distance  between  the  lowlands  and  the  plateau,  a  few  miles  east 
of  the  Utah-Colorado  boundary,  is  unusually  large.  Between  the  State 
line  and  Green  River  this  distance  averages  about  10  miles.  Here  a 
low  bench,  that  is  not  present  elsewhere,  forms  the  base  of  the  cliflFs. 
It  is  caused  by  a  great  lens  of  sandstone  which  is  overlain  by  shale. 
Above  this  lowest  bench  there  is  a  succession  of  dissected  benches 
and  escarpments  up  to  the  level  of  the  plateau. 

Green  River  has  produced  another  embayment  in  the  cUffs,  and 
Price  River  in  its  canyon  course  separates  a  small  area,  known  as  the 
Beckwith  Plateau,  from  the  main  mass  of  the  upland.  The  Beckwith 
Plateau  is  considerably  dissected  on  the  north  and  east,  but  faces  the 
lowland  on  the  west  in  a  practically  unbroken  scarp  over  1,500  feet 
high.  Northwest  of  the  Beckwith  Plateau  to  the  end  of  the  area 
studied,  a  line  of  cliffs,  which  form  the  base  of  an  eastward-sloping 
shelf,  rises  1,000  to  1,500  feet  directly  above  the  lowland.  Above 
this  shelf  another  but  more  dissected  line  of  cliffs  rises  1,500  feet 
higher. 

The  crest  of  the  Book  Cliffs  forms  the  southern  rim  of  the  Book 
Plateau,  or,  as  it  is  known  in  Utah,  the  Tavaputs  Plateau,  which, 
viewed  from  the  south,  exhibits  an  even  sky  Une.  This  plateau  slopes 
gently  northward  toward  the  axis  of  the  Uinta  Basin^  but  is  much 
dissected  by  deep  canyons. 

STRATIGRAPHY. 

In  the  Book  CUffs  coal  field,  the  rocks  are  all  sedimentary  and  are 
divisible  into  four  distinct  lithologic  groups  which  range  in  age  from 
Dakota  to  Eocene. 

The  Dakota  possesses  the  characteristic  features  common  to  the 
formation  in  this  general  region.  It  is  a  variable  series  of  buff 
quartzitic  sandstone,  commonly  conglomeratic,  with  a  few  layers  of 
carbonaceous  shale  and  low-grad(B  coal.  Generally  it  ranges  in  thick- 
ness txpm  25  to  200  feet,  but  in  places  it  is  wanting,  evidently  having 
been  deposited  unconformably  upon  an  old  land  surface.  The  out- 
crop occupies  a  narrow  belt  of  low  hills  parallel  to  and  about  10  miles 
south  of  the  Book  CUffs. 

Above  the  Dakota  there  are  several  thousand  feet  of  clay  shale, 
which  underUes  the  broad  central  lowland  and  forms  the  base  of  the 
Book  Cliffs.  The  shale  is  black  or  blue-gray  to  drab  in  color,  and 
contains  local  Jenses  of  limestone  and  at  the  top  thin  beds  of  buff 
sandstone.  It  is  much  broken  by  cracks  and  joints,  many  of  which 
contain  thin  films  of  alkaline  salts  that  locally  effloresce  in  patches  of 
white  powder.  The  unreclaimed  areas  of  shale  are  characteristically 
coated  with  "alkaU.*'     The  shale  is  about  3,000  feet  thick.     It  con- 
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tains  Colorado  fossils  at  the  base  and  Montana  fossils  near  the  top 
and  is  correlated  with  the  Mancos  shale  of  southwestern  Colorado. 

Well-exposed  sections  in  the  face  of  the  cliffs  show  that  the  shale 
grades  upward  into  the  overlying  formation  with  no  apparent  break 
in  sedimentation  and  a  sharp  boundary  can  not  be  drawn  between 
them.  The  overlying  rocks  consist  of  alternating  beds  of  buff  sand- 
stone and  drab  or  carbonaceous  shale  with  workable  beds  of  coal  in 
the  lower  part.  These  are  the  escarpment-making  rocks  of  the  Book 
Cliffs  and  are  clearly  exposed  throughout  the  area.  About  a  third 
of  the  formation  is  composed  of  shale,  most  of  which  occurs  in  the 
lower  half,  while  the  upper  part  consists  largely  of  sandstone.  The 
areal  distribution  of  the  different  strata  is  varied  and  no  two  sections 
are  exactly  alike.  Some  beds  of  sandstone,  however,  are  persistent 
for  several  miles.  The  thickness  of  the  formation  decreases  toward 
the  west  and  ranges  from  about  2,200  to  1,200  feet.  Fossils  have 
been  found  at  several  horizons  between  200  feet  from  the  base  and 
250  feet  from  the  top  of  the  formation.  They  consist  of  land  plants 
and  fresh-  and  brackish-water  invertebrates.  The  evidence  of  the 
fossils  and  the  general  stratigraphic  and  oval  relation  of  the  beds 
together  ilidicate  that  the  coal-bearing  formation  should  be  referred 
to  the  Mesaverde  rather  than  to  the  Laramie.  The  transition  from 
the  Mancos  to  the  Mesa verde  is  marked  lithologically  by  the  increasing 
prevalence  of  sand  and  paleontologically  by  the  change  from  marine 
to  brackish-  and  fresh-water  conditions.  On  lithologic  grounds  all  the 
coal  beds  would  be  classed  with  the  sandstone-shale  formation,  the 
greater  part  of  which  at  least  is  considered  to  be  Mesaverde. 

Strata  of  Eocene  age  cap  the  Book  Cliffs  and  for  many  thousand 
square  miles  constitute  the  floor  of  the  Uinta  Basin  to  the  north.  The 
basal  Eocene  beds  are  composed  of  local  conglomerate,  varicolored 
shale,  buff  sandstone,  and  subordinate  thin  lenses  of  limestone  in 
which  fossils,  referred  to  the  Wasatch  stage,  have  been  found.  The 
stratigraphy  is  characteristically  varied  and  many  adjacent  sections 
are  very  unlike;  in  one  place  the  varicolored  shales  predominate  and 
in  another  they  are  inconspicuous.  The  conglomerate  is  also  variable 
in  occurrence.  In  some  sections  none  was  seen,  whereas  others  show 
about  25  feet  of  it.  It  is  composed  of  rounded  pebbles  of  quartz, 
quartzite,  and  chert,  colored  red,  pink,  black,  and  white,  in  a  sandy 
matrix.  No  structural  discordance  was  found  between  the  two  for- 
mations, but  locally  the  conglomerate  lies  upon  an  undulatory  surface 
of  the  underlying  rocks.  Other  evidences  of  unconformity  at  the 
base  of  the  Eocene  are  the  westward  thinning  of  the  Mesaverde  and  the 
difference  in  general  character  between  the  two  formations,  repre- 
senting the  change  from  brackish-  and  fresh-water  sediments  to  those 
laid  down  under  more  diverse  conditions  of  deposition,  probably  in 
part  subaerial  and  in  part  lacustrine. 
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COAIi. 

Coal  of  commercial  importance  occurs  in  the  Book  Cliffs  in  the 
lower  part  of  the  sandstone-shale  formation  at  intervals  between  35 
and  700  feet  above  the  shale  that  underlies  the  lowland.  It  occurs  at 
different  horizons,  and  no  bed  has  been  traced  continuously  for  more 
than  a  few  miles.  In  one  locaUty  several  beds  of  coal  are  present, 
while  in  others  only  one  or  two  have  been  found.  The  thickness 
ranges  from  21  feet  down  to  mere  films  of  carbonaceous  matter.  The 
section  on  PI.  XVIII  indicates  the  general  sequence  of  the  rocks. 

OCCURRENCE  AND  THICKNESS. 

The  following  description  begins  at  the  east  and  proceeds  westward, 
and  in  following  it  the  map  (PL  XVIII)  will  be  of  service: 

At  the  east  end  of  the  Book  CUffs  there  are  two  workable  beds  of 
coal.  The  lower  one  occurs  between  35  and  60  feet  above  the  top  of 
the  shale  that  underlies  the  lowland  and,  though  variable,  is  com- 
monly about  4  feet  thick.  The  upper  coal  is  thicker,  in  places  meas- 
uring 9  feet,  and  occurs  from  200  to  500  feet  above  the  lower  beds. 
These  coals  have  been  prospected  at  several  localities  between  the 
Cameo  mine  (No.  1  on  the  map)  and  the  Farmer's  mine  (No.  13),  and, 
though  they  have  not  been  actually  traced  throughout  that  distance 
and  are  known  to  vary  in  thickness,  the  beds  appear  to  be  continuous. 
Besides  these  two  main  coals  there  are  usually  one  or  more  thin  beds, 
but  no  others  of  commercial  importance  have  yet  been  found. 

The  lower  coal,  also  known  as  the  Palisades  coal,  outcrops  at  water 
level  near  the  mouth  of  the  Hogback  Canyon  of  Grand  River  about 
1 J  miles  above  Palisades.  Thence  the  coal  can  be  traced  westward 
along  the  base  of  the  Book  CUffs  for  many  miles.  At  first  it  rises 
rapidly  above  the  valley.  At  the  Palisades  mine  (No.  6  on  the  map) 
the  coal  is  about  150  feet  above  the  valley,  at  the  Garfield  mine  (No.  7) 
it  is  800  feet,  and  at  the  old  Book  Cliff  mine  (No.  9)  the  Palisades  coal 
is  about  1,200  feet  above  the  river.  In  this  distance  the  coal  can  be 
easily  followed;  at  many  places  it  is  exposed  by  erosion,  appearing 
as  a  black  streak  in  the  cliffs,  and  it  is  usually  underlain  by  a  massive 
white  sandstone  which  is  conspicuous  as  the  first  heavy  sandstone 
bed  above  the  shale.  This  sandstone  is  not  persistent,  however,  but 
locally  thickens  and  thins  and  gives  way  to  shaly  beds.  The  Palisades 
coal  varies  in  thickness,  ranging  from  a  few  inches  to  6  feet. 

At  the  Riverside  mine  (No.  4),  a  mile  northeast  of  Palisades,  the 
following  section  is  exposed  near  the  mouth  of  the  mine: 

Section  of  i-oal  bed  at  Riverside  viine. 

Shale.  Ft.  In. 

Coal , 6 

Shale 3 

Coal 2      6 

3      3 
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At  the  face  of  the  workings  the  shale  parting  is  ftn  inch  and  a  half 
thick,  and  the  lower  bench  of  coal  measures  2  feet  10  inches. 

At  the  Palisades  mine  (No.  6)  there  are  from  3  feet  7  inches  to  3 
feet  10  inches  of  clean  coal.  Two  miles  farther  west,  at  the  Garfield 
mine,  the  Palisades  coal  attains  the  greatest  thickness  yet  measured. 
The  following  section  is  there  exposed : 

Section  of  coal  bed  at  Garfield  mine. 

Sandstone,  shaly.  Ft.  in. 

Coal 1      1 

Bone 2 

Coal 1      9 

Bone J 

Coal 3      2 

Bone 

Coal 1 

Shale,  carbonaceous 1 

Sandstone. 

Total  coal  bed 7     11} 

In  the  vicinity  of  the  old  Book  Cliff  mine  the  lower  coal  is  of  vari- 
able thickness;  in  places  it  measures  almost  5  feet,  whereas  near  by 
it  thins  out  to  almost  nothing.  It  is  reported  that  in  working  the 
lower  coal  in  the  old  Book  Cliff  mine  several  barren  areas  were 
encountered  in  which  the  coal  was  absent.  Northwest  of  the  old 
mine  evidences  of  thinning  are  shown  by  the  outcrops. 

West  of  the  Book  Cliff  mine  less  prospecting  has  been  done,  and 
little  variation  has  been  found.  At  the  Steele  or  Keystone  mine  (No. 
1 1)  there  are  5  feet  3  inches  of  coal,  including  4  inches  of  bone  1  foot 
from  the  top.  The  roof  and  floor  are  of  shale,  and  the  coal  lies  3  feet 
above  a  bed  of  massive  white  sandstone. 

At  the  Black  Diamond  mine  (No.  12)  the  following  section  was 
measured : 

Sertion  of  coal  bed  at  Black  Diamond  mine. 

Shale.  Ft.     in. 

Coal 9-11 

Clay 1-3 

Coal 4          8 

Shale.  

5  6 

Locally  the  coal  decreases  in  thickness  to  3  feet.  At  the  Farmer's 
mine  the  lower  coal  seems  to  have  decreased  to  30  inches,  but  in  this 
vicinity  the  upper  coal  is  of  more  value. 

Except  at  two  important  mines,  the  Book  Cliff  (No.  10)  and  the 
Cameo  (No.  1),  the  upper  coal  is  not  worked.  This  is  due  to  the  fact 
that  the  lower  coal  in  general  is  of  better  quality  and  more  accessible, 
occurring  several  hundred  feet  lower  down  the  steep  cliffs. 
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The  upper  bed,  which  is  known  as  the  Cameo  coal,  outcrops  at 
river  level  at  Cameo  station.  It  rises  to  the  southwest,  and  north  of 
Palisades  is  about  650  feet  above  the  valley,  lying  at  the  base  of  the 
second  tier  of  cliffs.  From  Palisades  the  outcrop  extends  northwest- 
ward to  the  vicinity  of  the  Book  Cliff  mine,  at  a  distance  of  about  1 J 
miles  from  the  crest  of  the  lower  escarpment.  Thence  westward  the 
bench  below  the  upper  coal  disappears,  and  the  two  coals  outcrop  in 
the  face  of  the  cliffs  almost  directly  one  above  the  other.  The  posi- 
tion of  the  upper  coal  is  marked  locally  by  a  massive  white  sandstone 
almost  immediately  beneath  it.  This  sandstone  is  75  feet  thick  and 
can  be  traced  for  miles,  but  it  is  not  constant  and  in  places  disappears. 

Between  the  Cameo  and  Bob  Cat  mines  the  thickness  of  the  upper 
coal  as  exposed  in  mines  or  prospects  ranges  between  4  feet  4  inches 
and  9  feet  8  inches,  with  one  or  two  partings  of  shale  or  bony  coal 
ranging  from  5  inches  to  3  feet  5  inches. 

In  the  Cameo  mine  the  roof  is  a  good,  firm  sandy  shale,  and  the 
floor  where  the  full  thickness  of  coal  is  worked  is  reported  to  be  sand- 
stone, but  usually  the  total  thickness  of  the  coal  is  not  removed.  The 
coal  here  has  the  reputation  of  being  dirty.  The  following  measure- 
ments were  made  in  the  main  entry  of  the  mine: 

Section  of  coal  bed  in  the  Camto  mine. 

Ft.   In. 

Coal 3  10 

Bone 1 

Coal 3  10 

Bone 1  2 

Coal 2 

10    11 
At  a  prospect  north  of  Palisades  the  following  section  is  exposed: 

Section  of  coal  at  prospect  north  of  Palisades. 

Ft.     In. 

Coal '. 3       6 

Bone 1 

Coal 2      5 

6 

At  the  Book  Cliff  mine  (No.  10)  about  7  feet  of  the  upper  coal  are 
worked,  and  at  the  end  of  the  main  entry  the  following  section  was 
measured : 

Section  of  coal  bed  in  Book  Cliff  mine. 

Ft.   In. 

Coal 3 

Bone } 

Coal : 4      6 

7      61 
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About  a  quarter  of  a  mile  east  of  the  Steele  mine  (No.  11)  r.  s  lipping 
was  made  which  showed : 

Section  of  coal  bed  one-fourth  mile  east  of  Steele  mine. 

Ft.     in. 

Coal 2      6 

Bone 5 

Coal 3      2 

Shale 8 

Sandstone. 

Total  coal  bed 6      1 

At  the  Bob  Cat  mine  (No.  14)  and  in  that  vicinity  between  44  and 
55  inches  of  clear  coal  are  exposed  at  the  upper  coal  horizon,  which 
occurs  about  400  feet  above  the  lower  bed  worked  at  the  Farmer's 
mine.  West  of  the  Bob  Cat  mine  the  upper  coal  has  not  been  pros- 
pected, and  little  is  known  of  it  for  several  miles.  The  coal  outcrops 
high  in  the  face  of  the  cliffs,  and  the  lower  bed  is  more  accessible. 

Two  small  openings  on  the  lower  coal  west  of  the  Farmer's  prospect 
are  known  as  the  Excelsior  and  Corcoran  mines.  The  Excelsior  mine 
(No.  15)  is  located  high  up  a  hillside  near  the  head  of  a  small  gulch, 
where  the  coal  is  opened  along  the  outcrop  at  several  places.  At  the 
entrance  to  the  workings  4  feet  7  inches  of  coal  is  exposed.  Four 
feet  above  is  a  4-inch  bed  and  a  foot  and  a  half  below  there  are  2 
inches  of  coal,  while  40  feet  below  the  main  coal  there  is  an  impros- 
pected  bed  of  coal  and  carbonaceous  shale  6  feet  thick.  A  mile  west 
of  the  Excelsior  there  is  a  small  abandoned  prospect  known  as  the 
Corcoran  mine  (No.  16)  where  the  workings  have  caved  in,  but  there 
are  at  least  4  feet  of  coal  exposed  near  the  entrance. 

For  5  miles  northwest  of  the  Corcoran  property  little  or  no  pros- 
pecting has  been  done,  but  at  the  next  open  valley  there  are  prospects 
on  both  the  upper  and  lower  coals.  An  opening  on  the  lower  bed 
shows  the  following  section : 

Section  of  coal  bed  5  miles  northwest  of  Corcoran  mine. 

Sandstone.  Ft.     in. 

Shale 6 

Coal 3 

Bone 4 

Coal 2 

Shale 4 

Sandstone. 

Total  coal  bed 5     10 


* 
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Farther  up  the  same  valley  the  upper  coal  is  well  exposed  and  has 
been  worked  at  the  Hunter  mine  (No.  17),  where  the  following  section 
was  measured: 

Section  of  coal  beds  at  Hunter  mine. 

Sandstone.  Ft.   In. 

Coal 2 

Bone 4 

Coal A      5 

Bone 8 

Coal 7 

Sandstone 25 

Coal 2 

Bone 1 

Coal 3 

Sandstone.  

39 

Northwestward  along  the  cliflFs  no  prospects  were  foimd  for  5  miles 
northwest  of  the  Hunter  property,  where  the  Gross  or  Kiel  mine  is 
situated,  near  the  mouth  of  Kiel  Canyon.  At  this  mine  (No.  18) 
between  3  feet  and  3  feet  9  inches  of  coal  are  exposed. 

The  next  opening  is  about  IJ  miles  west  of  Kiel  Canyon  at  the 
Nugent  mine  (No.  19).  Here  there  are  two  openings  on  the  lower 
coal  on  opposite  sides  of  a  gulch.  The  coal  is  from  4  feet  3  inches  to 
4  feet  8  inches  thick. 

At  the  Nearing  mine  (No.  20),  three-fourths  of  a  mile  west  of  the 
Nugent,  the  same  bed  is  worked.  At  the  mouth  of  the  mine  the 
coal  measures  4  feet  to  4  feet  2  inches  and  contains  a  variable  streak 
of  bone  up  to  12  inches  thick.  At  the  end  of  the  workings  the  bone 
disappears  and  the  coal  measures  4  feet  7  inches.  The  coal  is  here 
45  feet  above  the  top  of  the  shale,  and  in  this  general  vicinity  the 
higher  coal  appears  to  be  represented  by  only  thin  carbonaceous 
layers.     Only  one  workable  coal  has  yet  been  found  here. 

Openings  have  been  made  on  the  coal  at  the  Lane  and  Johnson 
mines,  on  opposite  sides  of  the  creek  about  2  miles  northwest  of  the 
Nearing  property.     The  following  measurements  were  made: 

Section  of  coal  bed  at  Johnson  mine  (No.  22). 

Sandstone.  Ft.  in. 

Shale,  carbonaceous 5 

Coal 1  6 

Bone 3 

Coal 4 

Total  coal  bed 5      9 


BOOK    CLIFFS   COAL   FIELD,   COLORADO-UTAH.  311 

Section  of  coal  bed  at  Lane  mine  {No.  23). 
Sandstone.  Ft.   in. 

Shale,  sandy 4 

Coal 1      3 

Bone 4 

Coal 3 

Shale,  rarlxmareous 1 

Coal,  bony 1 

Shale.  

6     11 

A  mile  and  a  half  up  the  creejc  are  outcrops  of  several  coal  beds 
which  have  not  been  prospected.     These  have  the  following  section: 

Section  of  higher  coal  beds  ij  miles  east  of  Lane  mine. 

Shale.                                                                                                Ft.  In. 

Coal 1  4 

Bone  and  coal 8 

Coal 1  3 

Shale,  rarbonaceoufl 2 

Coal 3  10 

Shale,  carlx)naceou8 18 

Coal 8 

Shale,  carbonaceous 7 

Coal 4  1 

Shale.  

38  10 

The  following  section  was  measured  at  about  the  same  horizon  on 
the  cliffs  north  of  Malone's  ranch: 

Section  of  high  coal  beds  S  miles  north  of  Malone's  ranch. 

Shale,  carbonaceous.  Ft.   in. 

Coal 1      4 

Bone fi 

Coal 2 

Bone 5 

Coal 5 

Bone 4 

Coal 3    10 

Shale,  sandy 7 

Coal 3      1 

18    11 

The  higher  coal  here  is  in  two  benches,  as  at  the  Himter  mine, 
and  appears  to  be  well  developed,  but  it  has  not  been  prospected. 
Little  is  known  of  the  coal  between  the  Lane  and  Johnson  mines  and 
the  vicinity  of  Carbonera,  near  the  Colorado-Utah  boundary. 
Though  undeveloped,  coal  has  been  foimd  wherever  sections  have 
been  measured. 
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About  2  J  miles  above  the  entrance  to  the  canyon  of  East  Salt 
Creek,  along  a  small  tributary  about  half  a  mile  east  of  its  mouth,  a 
bed  of  coal  with  the  unusual  thickness  of  21  feet  5  inches  is  exposed 
by  a  waterfall.  This  is  the  greatest  measurement  of  coal  made  in 
the  entire  area  under  consideration.  No  development  and  but  little 
prospecting  has  been  done  here,  and  the  lateral  extent  of  this  bed 
has  not  been  determined.  It  thins  out  rapidly  to  the  west,  however, 
for  in  following  the  bed  along  the  hillside  above  the  gulch  the  coal 
was  found  to  thin  out  and  disappear. 

In  the  vicinity  of  Carbonera  some  prospecting  has  been  done,  and 
a  mine  is  being  worked  by  the  Uinta  Railroad  Company.  Within  a 
distance  of  450  feet  above  the  top  of  the  shale  there  are  four  beds 
of  coal  more  than  2  feet  tliick  and  several  other  thinner  carbona- 
ceous lavers.  At  the  Carbonera  mine  the  coal  measures  almost  7  feet, 
but  it  is  parted  by  two  layers  of  bone,  which  greatly  decreases  the 
value. 

In  Utah,  within  the  area  covered  by  this  report,  there  are  no 
shipping  mines  and  the  coal  has  been  prospected  in  only  a  few  places. 
The  Mesa verde  formation,  however,  constitutes  the  cliff-making  rocks 
and  coal  has  been  found  wherever  sections  have  been  studied.  In  a 
distance  of  60  miles,  southwest  from  Carbonera  to  Thompsons,  Utah, 
there  are  only  three  ranches,  and  these  are  situated  near  the  mouths  of 
canyons  at  the  base  of  the  Book  Cliffs,  where  feeble  streams  of  water 
flow  throughout  the  summer.  Near  Bryson's  ranch,  on  Westwater 
Creek,  there  are  five  beds  of  coal,  ranging  from  1  foot  3  inches  to  2  feet 
10  inches  in  thickness,  in  a  section  of  275  feet  of  rocks,  the  lowest  coal 
occurring  95  feet  above  the  top  of  the  shale.  From  the  Utah- 
Colorado  boundary  to  some  miles  west  of  Thompsons,  a  bench  100 
feet  or  more  in  height  and  half  a  mile  to  a  mile  in  width,  caused  by  a 
heavy  bed  of  sandstone  that  is  overlain  by  shale,  extends  along  the 
base  of  the  cliffs.  Here  the  coal  horizon,  therefore,  lies  farther  back  in 
the  cliffs  than  usual. 

Near  the  Harms  ranch  (No.  28)  is  a  bed  of  coal  1  foot  6  inchea  thick 
at  the  mouth  of  Cottonwood  Canyon.  Mr.  Harms  states  that  there 
are  several  beds  in  this  vicinity  ranging  from  2  inches  to  3  feet  in 
thickness,  but  that  the  coal  contains  much  bone  and  is  of  poor  quaUty. 

About  H  miles  above  Nash^s  ranch  (No.  29)  are  two  beds  of  coal 
separated  by  an  interval  of  60  feet.  The  lower  coal  is  1  foot  10 
inches  thick  and  occurs  350  feet  above  the  top  of  the  shale;  the  higher 
coal  measures  4  feet  8  inches,  but  little  attempt  has  been  made  to 
develop  it. 

More  work  has  been  done  on  the  coal  north  of  Thompsons  than 
anyw'here  else  in  Utah  within  the  area  covered  by  this  report,  but 
nevertheless  the  prospecting  has  not  been  thorough.  Here  there  are 
fiv.e  beds  more  than  2  feet  thick  in  125  feet  of  sandstone.     The 


BOOK    CLIFFS   COAL   FIELD,   COLORADO-UTAH.  813 

principal  work  has  been  done  at  Ballard's  mine  (No.  30).     At  the 
mouth  of  this  mine  the  following  section  was  measured: 


*: 


Section  of  coal  bed  at  Ballard  viine. 


Sandstone,  shaly.  Ft.     In. 

Coal 1      3 

Bone : 2 

Coal 1  lOi 

hono 1 J 

Coal 2      3 

Shalo,  carlxmaceous.  

5      8 

■ 

At  the  face  of  the  workings  the  coal  bed  consists  of  5  feet  10^  inches 
of  clean  coal. 

At  a  prospect  on  the  west  side  of  the  gulch,  opposite  the  Ballard 
mine,  on  a  coal  below  the  one  there  worked,  the  following  section  was 
measured : 

Section  of  coal  bed  near  Ballard  mine. 

Sandstone,  shaly.  Ft.    in. 

Coal 10 

Bone 2 

Sandstone 4 

Coal 4      6 

Shale.  

5    10 

The  thickness  of  the  partings  is  variable,  even  in  near-by  sections. 

A  thin  bed  of  coal  a  few  inches  to  a  foot  and  a  half  in  thickness 
occurs  in  the  first  massive  sandstone  above  the  top  of  the  shale  and 
shows  up  prominently  from  the  valley  as  a  black  layer,  but  it  is  not 
thick  enough  to  be  of  much  importance. 

Between  Thompsons  and  Green  River  there  is  only  one  mine,  the 
Black  Baby,  and  almost  no  prospecting  has  been  done.  The  few 
sections  that  were  made  did  not  reveal  the  presence  of  any  beds  more 
than  2  feet  in  thickness,  but  in  the  absence  of  prospecting  little  can  be 
said  of  the  coal  in  this  part  of  the  area.  At  the  Black  Baby  mine 
(No.  33),  about  10  miles  northeast  of  the  town  of  Green  River,  the 
following  section  was  measured: 

Section  of  coal  bed  at  Black  Baby  mine. 

m 

Shale,  carbonaceous.  Ft.  in. 

Coal 3 

Bone  and  shale 3 

Coal 2  3 

Bone 8 

Coal 2 

Bone  and  shale 1  3 

Coal 1 

7      8 
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The  lowest  coal  passes  beneath  water  level  at  Green  River,  about 
4  miles  alx>ve  the  mouth  of  Pricre  River,  but  no  prospects  were  found 
in  that  vicinitv. 

West  of  Green  River  and  south  of  Price  River  the  coal  occurs  in  an 
isolated  area  near  the  summit  of  the  Beckwith  Plateau,  and  north  of 
Price  River  coal  outcrops  in  the  face  of  the  cliffs  high  above  the 
valley.  At  the  northwest  end  of  the  Beck^nth  Plateau  there  are  four 
beds  of  coal  more  than  2  feet  thick  and  three  others  more  than  1  foot, 
the  lowest  occurring  about  340  feet  above  the  top  of  the  shale. 

At  Peterson's  prospect  (Xo.  34),  high  up  on  the  hillside  near  the 
entrance  to  Price.Canyon,  the  following  section  was  measiu^ed: 

Section  at  Peterson's  prospect  near  Price  Canyon. 

Ft.    In. 

Shalo,  rarbonaceoufl 8 

Bono 1      2 

O^l 4 

Shale,  (•arlK)nao<H>u8 10 

SandsU^m*. 

About  225  feet  above  this,  in  a  location  that  is  difficult  of  approach, 
a  bed  6  feet  thick  has  been  prospected. 

Along  the  cliffs,  between  Price  and  Horse  canyons,  coal  outcrops 
can  be  seen  from  the  valley,  but  owing  to  their  position  high  in  the 
cliffs  they  have  not  been  prospected.  Two  beds  of  coal,  each  4  feet 
thick  and  lying  about  200  feet  apart,  were  measured  about  10  miles 
north  of  Woodside. 

At  the  west  end  of  the  area  under  consideration,  in  the  vicinity  of 
Horse  Canyon,  6  miles  south  of  Sunnyside,  the  coal  has  been  con- 
siderably prospected.  A  large  bed  has  been  opened  up  and  probably 
before  long  a  mine  will  be  located  in  Horse  Can^^on,  although  as  yet 
there  is  no  railroad  connection  and  the  property  is  7  miles  from  the 
nearest  point  on  the  Denver  and  Rio  Grande  Railroad.  The  coal  is 
between  250  and  300  feet  above  the  top  of  the  shale  and  is  immediately 
underlain  by  a  bed  of  massive  white  sandstone.  Only  one  main  bed 
of  coal  has  been  found  in  the  vicinity  of  Horse  Canyon,  although  at 
Sunnyside  there  are  two  beds. 

In  an  entry  on  the  west  side  of  Horse  Canyon  (No.  37)  the  follow- 
ing section  was  measured : 

Section  of  coal  bed  in  Horse  Canyon. 

Ft.    In. 

Shale,  (•arlM)na(H'<)us 10 

Coal 2  1 

Hone 6 

SandHtono  and  shales 1  6 

Bone 1 

Coal 13  5 

Sandstone.  

19      4 
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A  mile  and  a  half  farther  south,  at  prospect  No.  36,  the  section  is 
as  follows: 

Section  of  coal  bed  at  prospect  No.  ,ifj. 

Sandstone,  thin-bcddfd.                                                                 Ft.  in. 

VAf&l 2  4 

Sandstono  and  slial(> 1  6 

Coal 0  2 

Bono 2 

Coal 6  4 

19      6 
AMOUNT  OF  AVAILABLE  COAL. 

A  close  estimate  can  not  be  made  of  the  total  amount  of  coal  avail- 
able, because  of  the  present  limited  knowledge  of  this  field.  A  rough 
approximation  may  be  reached,  however,  by  assuming  that  the  prac- 
tical limit  of  the  field  is  6  miles  back  from  the  outcrop  and  that  the 
total  thickness  of  coal  may  be  represented  by  a  single  bed  7  feet  thick 
extending  throughout  the  area.  The  latter  figure  introduces  an 
element  of  much  uncertainty,  inasmuch  as  the  coals  have  not  been 
continuously  traced.  On  this  basis  there  are  in  the  area  here  con- 
sidered about  1,010  square  miles  of  coal  land,  360  of  which  are  in 
Colorado.  A  cubic  foot  of  coal  of  1.3  specific  gravity  weighs  81.25 
pounds  and  a  square  mile  of  such  coal  1  foot  thick  contains  1,132,544 
short  tons.  Therefore  on  the  above  assumption  the  total  amount  is 
over  8,007,086,000  tons;  deducting  one-fourth  for  waste  in  minmg 
leaves  about  6,005,000,000  tons.  These  figures  are  perhaps  of  little 
more  value  than  to  express  the  fact  that  there  is  here  an  immense 
coal  reserve. 

COMPOSITION  OF  THE  COAL. 

The  following  analyses  show  the  composition  of  coal  from  a  number 
of  localities  in  the  area  under  discussion.  The  samples  were  collected 
under  uniform  conditions  and  represent  the  freshest  available  material. 
In  general,  however,  because  there  are  only  a  few  working  mines, 
most  of  the  samples  obtained  were  more  or  less  affected  by  weather- 
ing. The  specially  poor  ones  are  indicated  in  the  list  on  p.  317.  The 
samples  were  collected  by  cutting  a  channel  across  the  face  of  the 
coal  from  roof  to  floor,  partings  over  a  quarter  of  an  inch  in  thickness 
being  rejected.  The  material  was  gathered  on  canvas,  crushed, 
mixed,  and  quartered  down  to  about  3  pounds  and  sent  to  the  labo- 
ratory in  a  sealed  can.  The  analyses  were  made  by  F.  M.  Stanton, 
chief  chemist  of  the  fuel-testing  plant  of  the  United  States  Geological 
Survey,  under  uniform  conditions  prescribed  by  N.  W.  Lord,  in  charge 
of  chemical  work.  ** 


•  Prof.  Paper  U.  8.  Geol.  Survey  No.  48, 1906,  p.  174. 
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Proximate  analyses  of  coals  from  the  Booh  Cliffs  coalfield,  Colorado-Utah 

V. 


I. 


Laboratory  No 3550.     3547 


II. 


Analysis  of  sample  as  received : 

Moisture 8.42 

Volatile  matUT 33.32 

Fixed  carJ>on 47.53 

Ash 10. 73 

Sulphur '      .00 


I 


I  8.17 
'  33.G9 
!  53.42 
4.72 
i      .57 


IIL       IV 


3542       3540. 


7.55 

31.07 

48.27 

13.11 

.57 


4.71 
34.68 
52.66 

7.95 
.56 


VI.     I    VII.      VIIL 


IX. 


3546.       3541.        3549.        3530. 


7.57 
33.56 
52.91 

5.96 
.72 


7.52 
36.03 
50.46 

5.99 
.85 


I 


8.77 
36.55 
48.72 

5.96 
.83 


9.02 
34.51 
50.80 

5.58 
.67 


Loss  of  moisture  on  air  drying. .     4.30      2.80  I    2.60;      .10      2.20        2.00'      2.50 


3.10 


3545. 


13.96 

31.30 

48.73 

6.01 

.63 


4.40 


Analysis  of  alr-drled  sample: 

Moisture 4.30 

VolatUe  matter 34.82 

Fix^carl)on <  49.67 

Ash 11.21 

Fuelratlo 1.12 


5.52 

5.08 

4.61 

5.49 

5.63  1 

6.43 

6.11 

10.00 

34.66 

31.90 

34.72 

34.32 

36.77  1 

37.49 

35.61 

32.74 

54.96 

49.56 

52.71 

54.10 

51.49 

49.97 

52.52 

50.96 

4.86 

13.4i> 

7.96 

6.09 

6.11  . 

6.11 

5.76 

6.28 

1.59 

1.55 

1.52 

1.58 

1.40 

1.33 

1.47 

1.56 

Laboratory  No 3400 


Analysis  of  sample  as  received: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Loss  of  moisture  on  air  drying. 

Analysis  of  alr-drled  sample: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Fuel  ratio 


XV.     XVI.  :  XVII.  xviiL 


3495.  '    3403.       3489.    j    3488.    |     3640. 


15.39 

32.57 

45.60 

6.35 

.62 


6.86 

34.20 

43.90 

15.04 

.62 


6.52 

5.40 

35.75  ! 

33.30 

48.37 

55-57 

9.36 

•5.73 

.67  i 

.40 

7.20 

1.80  : 

.60 

8.83 

t 

5.15 

5.96 

a^.io 

34.83  ' 

a5.96 

49.23 

44.70  , 

48.66 

6.84 

15.32 

9.42 

1.40 

1.28 

1.35 

.20 


5.21 

33.36 

55.60 

5.74 

1.67 


Laboratory  No. 


Analysis  of  sample  as  received: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


XIX.     XX.  '  XXI. 


xxii.xxiii.  xxrv, 


9.44 

35.51 

49.33 

5.72 

1.02 


9.73 

^.27 

49.95 

5.05 

1.30 


I: 


Loss  of  moisture  on  air  drying. . ;    5. 50 


5.20 


Analysis  of  air-<iried  sample:       | 

Moisture 4. 17 

Volatile  matter 37. 58 

Flxe<i  carbon 52.20 

Ash 6.05 

Fuelratlo 1.39 


4.78 

37.20 

52.(10 

5.33 

1.41 


1  a'>86. 

1 

3584. 

3:30. 

3728. 

,     8.27 

5.55 

18.63 

9.32 

36.00 

36.01 

30.61 

33.  (^ 

i  48.67 

52.75 

46.28 

49.52 

1     6.16 

5.60 

4.48 

7.52 

.     1.2(> 

.93 

.38 
9.10 

.51 

3.(i0 

l.tiO 

3.00 

4.84 

4.01 

10.48 

6.52 

38.28 

30.60 

33.  <» 

34.  (i8 

50.49 

53.61 

50.91 

51.05 

6.39 

5. 78 

4.93 

7.75 

1.32 

1.4(> 

1.51 

1.47 

XXV. 

XXVI. 

3:32. 

XXVII. 

3729. 

3734. 

10.96 

10.77 

11.23 

32.19 

33.68 

31.51 

42.45 

48.36 

45.31 

14.40 

7.19 

11.95 

.48 

.56 

.42 

4.50 

3.90 

4.70 

6.76 

7.15 

6.85 

33.71 

35.05 

33.07 

44.45 

50.32 

47.54 

15.08 

7.48 

12.54 

1.32 

1.44 

1.44 

xxviii.  XXIX.  XXX.  XXXI.  xxxii.xxxin.  XXXIV. 


Laborator>' No '     3854.         3856.    |  3857.      3945. 


3957. 


4014. 


4013. 


Analysis  of  sample  as  received 

Moistun* I 

Volatile  mat  ter ! 

Fixed  carl)on 

Ash 

Sulphur 

Loss  of  moi.stun»  on  air  dr>'iiig 

Analvsls  of  air-dried  siimple: 

Mol.sturo 

Volatile  matter 

Fixed  carbon 

Ash 

Fuel  ratio 


12.74 

33.04 

50.06 

4.16 

.4«i 


6.35 
31.89 
42.74 
19.02 

.58 


9.57 

32.37 

47.09 

10.97 

.46 


5.58 

4.75 

32. 77 

33.58 

43.61 

50.24 

IS.  04 

11.43 

.72 

1.15 

9.79 
33.39 
50.44 

6.38 
.60 


9.01 
31.78 
51.03 

8.18 
.46 


XXXV. 


4015. 


4.50 


2.30       2.50 


8.  {\3 

4.14 

34. 60 

32.  <i4 

52.  42 

43.75 

4.35 

19.47 

1.52 

1.34 

7.25 
33.20 
48.30 
11.25 

1.45 


1.90 


3. 75 
33.41 
44.45 
18.39 

1.33 


2.30 


3.50 


4.10 


2. 51 
34.37 
51.42 
11.70 

1.50 


6. 52 

34.60 

52.27 

6.61 

1.51 


5.12 

33.14 

53.21 

8.53 

1.61 


5.20 
36.03 
52.60 

6.06 
.83 


2.90 


2.37 

37.11 

54.27 

6.25 

1.46 
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Proximate  analyses  of  coals  from  the  Booh  Cliffs  coal  field,  Colorado-  Utah — Continued. 


I.  Sec.  34,  T.  10  S.,  R.  98  W.;  Colorado. 
II.         Do. 

III.  Do. 

IV.  Upper  coal,  sec.  3,  T.  11  S.,  R.  »8  W. 
V.         Do. 

V  JL*  oOCB*  ^y^^m 

VII.         Do. 

VIII.         Do. 

IX.  Sec.  0,  T.  11  8.,  R.  98  W. 

X.  Sec.  8,  T.  lOS.,  R.99  W. 

XI.         Do. 

Xll.         Do. 

XIII.  Do.,  first  coal  below  upper  coal. 

XIV.  Sec.  7,  T.  10  8^  R.  99  W. 

XV.  Sec.  1,  T.  10  8.,  R.  100  W.;  weathered 

sample. 
XVI.  Sec.  36,  T.  9  8.,  R.  100  W. 
XVII.  Sec.  35,  T.  9  8..  R.  100  W.;  weathered 

sample. 
XVIII.  Sec.  5,  T.  9  8.,  R.  100  W. 


21-foot  coal 


XIX.  Sec.  27.  T.  8  8.,  R.  101  W. 

XX.  Sec.  29,  T.  8  8.,  R.  101  W. 

XXI.  Sec.  30,  T.  8  8.,  R.  101  W. 

XXII.  See.  18,  T.  8  S.,  R.  101  W. 

XXIII.  Sec.  16,  T.  7  S.,  R.  102  W.; 

bed;  weathered  sample. 

XXIV.  Sec.  11,  T.  7  8.,  R.  104  W.;  on  east  side 

of  gulch  opposite  mine. 
XXV.  Carbonera,  sec.  14,  T.  7  8.,  R.  104  W. 
XXVI.         Do. 
XXVII.         Do. 
XXVIII.  IJ  miles  northwest  of  Naah  ranch,  T.  20 
8.,  R.  21  E.,  Utah. 
XXIX.  5  miles  north  of  Thompsons. 
XXX  Do. 

XXXI.  6  miles  northeast  of  Solitude. 
XXXII.  4  miles  east  of  Woodside. 

XXXIII.  7h  miles  south  of  Sunnyside. 

XXXIV.  Do. 

XXXV.  West  side  of  Horse  Canyon,  6  miles 
south  of  Sunnyside. 


Ultimate  analyses  of  coals  from  the  BooJc  Cliffs  coalfield. 


Laboratory  No. 


Analysis  of  sample  as  received: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Sulphur 

Ash 

Calori&c  value  determined: 

Calories 

British  thermal  units 


Loss  of  moisture  on  air  drying. 

Analysis  of  air-dried  sample: 

Ilydrogen 

Carbon 

Nitrogen 

Oxygen 

Sulphur 

Ash 

Calorific  value  determined: 

Calories 

British  thermal  units 

Carbon-hydrogen  ratio 


Laboratory  No. 


Analvsis  of  sample  as  received : 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Sulphur 

Ash 

Calorific  value  determined : 

Calories 

British  thermal  units 


Loss  of  moisture  on  air  drying. 

Analvsis  of  air-dried  sample: 

liydrogen 

Carbon -. 

Nitrogen 

Oxygen 

Sulphur 

Ash 

Calorific  value  determined: 

Calories 

British  thermal  units 

Carbon-hydrogen  ratio 


I. a 


V. 


VI. 


3550. 


.3546.        3541. 


5.45 
65.52 

1.20 

16.  .50 

.00 

10.73 

6,466 
11,639 


5..')0 
69.47 

1.56 

16.79 

.72 

5.96 

6,913 
12,443 


4.30 


5. 

68. 

1. 


19 
46 
26 


13.25 

.63 

11.21 

6,757 

12,162 

13.00 


XX. 


3585. 


5.81 
68.84 

1.55 
17.45 

1.30 

5.05 

6,800 
12,256 


5.20 


2.20 


5.26 
68.43 

1.55 

17.92 

.85 

5.99 

6,838 
12,308 


IX. 

X. 

XVIIL 

XIX. 

3545. 

3490. 

3640. 
5.39 

3587. 

5.82 

5.46 

5.94 

62.19 

61.84 

70.18 

68.47 

1.40 

1.07 

1.20 

1.56 

23.95 

20.95 

17.01 

17.29 

.63 

.84 

.49 

1.02 

6.01 

9.84 

5.73 

5.72 

O.OM 

6,166 

6,894 

6,811 

10,861 

11,099 

12,409 

12,260 

2.00 


4.40 


5.38 
71.03 

1.60 

15. 16 

.74 

6.09 

7,069 

12,723 

13.20 


XXI. 


5.14 
69.83 

1.58 

16.47 

.87 

6.11 

6,978 

12,559 

13.59 


5.fi0 


0.20 


5.50 


.•i.5^ 
a'i.OS 

1.47 

20.96 

.66 

6.28 

6.312 

11,361 

11.60 


5.13 
(i5.51 

1.13 

16.92 

.89 

10.42 

6,532 

11,757  , 

12.77 


.5.38 
70.32 

1.20 

16.87 

.49 

5.74 

6,908 

12,434 

13.07 


5.64 
72.46 

1.65 
13. 12 

1.08 

6.05 

7,207 

12,973 

12.85 


3586. 


3729. 


5.54 
67.48 

1.57 
17.99 

1.26 

6.16 

6,771 
12,188 


5.63 
58.42 

1.24 

19.83 

.48 

14.40 

5,815 
10,467 


3.60 


5.52 
72.62 

l.(i3 
13.53 

1.37 

5.33 

7,182 

12,928 

13.16 


4.50 


5.33 
70.00 

1.63 
15.34 

1.31 

6.39 

7,024 

12.<i43 

13.13 


5.37 
61.17 

1.30 

16.  .58 

..50 

1.5.08 

6,0S9 

10.9<50 

11.39 


XXIX. 

XXXIV. 

XXXV. 

3856. 

4013. 

4015. 

5.01 

4.97 

.5.26 

59.10 

62.22 

71.22 

1.32 

1.25 

1.29 

14.97 

22.92 

15.32 

•  Oo 

.46 

.83 

19.02 

8.18 

6.08 

5,890 

6,035 

7,239 

10,602 

10,863 

13,030 

1        2.30 

4.10 

2.90 

4.86 

4.71 

.5.09 

60.  49 

64.88 

73.35 

1.3.5 

1.30 

1.34 

1       13. 23 

20.11 

13.12 

'           .00 

.47 

.85 

10.47 

8.53 

6.25 

i       6.029 

6,293 

7,455 

1     10.852 

11,327 

13.419 

12.  45 

1 
1 

13.77 

14.41 

a  For  localities  sec  preceding  table. 


318        CONTBIBUTIONS   TO   ECONOMIC   GEOLOGY,.  1906,   PART   U. 


The  analysis  of  each  coal  is  tabulated  in  two  forms,  showing  the 
composition  of  the  sample  as  received  at  the  laboratory,  representing 
the  condition  of  the  coal  in  the  mine,  and  of  the  air-dried  sample. 
Proximate  analyses  were  made  of  each  sample  and  ultimate  analyses 
of  13  that  were  representative. 

The  fuel  ratios,  the  quotient  obtained  by  dividing  the  percentage 
of  fixed  carbon  by  the  percentage  of  volatile  combustible  matter, 
range  from  1.12  to  1.61,  with  an  average  of  1.43.  Fuel  ratios,  how- 
ever, are  not  a  satisfactory  guide  for  classification  of  bituminous 
coals  and  the  ratio  proposed,  by  Campbell  **  is  better,  though  the 
final  classification  is  yet  to  be  formulated.  Campbeirs  classification 
is  based  on  the  carbon-hydrogen  ratio,  obtained  by  dividing  the 
percentage  of  carbon  by  the  percentage  of  hydrogen  determined  by 
ultimate  analyses  of  air-dried  samples.  The  carbon-hydrogen  ratios 
of  the  13  coals  from  the  eastern  Book  Cliffs  field  given  in  the  second 
table  range  from  11.39  to  14.41,  with  an  average  of  12.96.  Compari- 
son with  the  coals  analyzed  at  the  St.  Louis  fuel-testing  plant  shows 
tliat  the  Book  Cliffs  product  falls  into  the  same  class  with  Indian 
Territory  coals,  the  better  grade  of  Illinois  coals,  and  those  from 
Kansas,  Missouri,  and  Kentucky.^ 

On  the  basis  of  a  comparison  of  calorific  values  the  position  of  the 
coals  under  consideration  is  indicated  by  the  following  table: 

Calonjlc  rallies  of  various  coal  ft. 
[IX^tonninod  with  Mahlor  bomb  caloriiiii'tor  on  alr-tlrird  siiiuplcH.] 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

U 

12 

13 

14 

15 

16 


Coal. 


Pocahontas,  W.  Va.  (W(^t  Virginia  No.  10)  «• 

Windbor.  Pa.  ( Pennsylvunia  No.  l)c 

Near  Durango.  Colo.  <* , 

Kenimeror  mine  No.  1,  Frontier,  Wyo. « 

Book  Cliffs  field.  No.  XXXV  (higher  of  13  tests) 

Newcastle,  Colo.  / 

Warrior  field,  Alabama  (Alabama  No.  1 )  c 

McAllister  bed,  Indian  Territorj'  (Indian  Territory  No.  3)  <" 

Book  Cliffs  field  (mean  of  13  tests) 

American  Fuel  Co.,  Qallup,  N.  Mex.  (subbituminous)  (N«'w  M^'xieo  No.  1 1  f . . 

Marion  County.  Iowa  (Iowa  No.  2)  c 

ReUeville  field.  lUinois  (lUinois  No.  4)  c 

Book  Cliffs  field  (lowest  of  13  tests) 

Cambria,  Wvo.  (Wyoming  No.  2)c 

Belt.  Mont.  Q * 

Williston,  N.  Dak.  (Ugnite)  (North  Dakota  No.  2 .  r 


Per  cc!nt 
of  ash. 

British 

thormal 

units. 

4.63 

15,190 

7.41 

14,499 

5.31 

13,816 

3.72 

13,449 

6.25 

13,419 

5.09 

13,394 

12.64 

12,958 

11.28 

12,460 

a69 

12,161 

7.10 

n,435 

16.99 

11,182 

11.85 

10,991 

19.47 

10,852 

1        26.26 

10,364 

'        20.88 

10,139 

0.71 

9,491 

a  Camplx«ll,  M.  R.,  Prof.  Paper  U.  S.  Geol.  Survey,  No.  48.  pt.  1, 1906,  pp.  1,')0-173. 

b  Prof.  Paper  U.  S.  Geol.  8ur\'ey  No.  48,  pt.  I,  1906,  p.  im. 

c  Prof.  Paper  U.  S.  Geol.  Survey  No.  48,  1<W. 

<*  Report  by  M.  K.  Shaler,  this  volume,  p.  423. 

<•  Veatch,  A.  C,  Bull.  U.  8.  Geol.  Survey  No.  285.  llXKi.  p.  339. 

/  Report  by  11.  8.  Gale,  this  volume,  p.  300. 

tf  Report  by  C.  A.  Fisher,  this  volume,  p.  171. 
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The  results  were  all  obtained  in  the  fuel-testing  laboratory  at  St. 
Louis  on  air-dried  samples  of  coal.  Percentages  of  ash  are  also  inserted 
in  the  table,  for  ash  is  so  much  inert  matter  and  the  calorific  values 
would  be  misleading  without  a  knowledge  of  its  amount.  As  an  illus- 
tration, recalculation  on  an  ash-free  basis  of  coals  from  the  Book 
Cliffs  field,  Nos.  5  and  13  in  the  above  table,  gives,  respectively, 
14,310  and  13,475  British  thermal  units.  On  such  a  basis  the  values 
for  the  coals  from  Belt,  Mont.,  and  Cambria,  Wyo.  (Nos.  15  and  14), 
which  contain  considerable  ash,  would  be  much  increased.  The  coal 
from  Frontier,  Wyo.  (No.  4),  ranks  high  because  of  its  small  ash 
content. 

No  systematic  tests  have  been  made  of  the  coking  quality  of  the 
coals  in  the  eastern  part  of  the  Book  Cliffs  field,  although  attempts 
have  been  made  to  coke  the  Cameo  and  Palisades  coals,  but  thus  far 
with  poor  results.  On  the  other  hand,  the  coal  from  the  Sunnyside 
mine,  at  the  west  end  of  the  area  under  discussion,  is  coked.  It 
remains  to  be  determined  what  coals  in  this  field  will  coke  and  what 
will  not.  It  should  be  noted  in  this  connection  that  whether  a  given 
coal  will  coke  or  not  depends  largely  on  the  methods  used.  Coals 
which  have  been  considered  noncoking  have  been  coked  xmder  proper 
treatment. 

To  judge  from  the  analyses,  therefore,  the  Book  Cliffs  coals  are 
medium-grade  bituminous  and  compare  favorably  with  the  product 
from  the  Rocky  Mountain  region  and  the  Mississippi  Valley. 

DEVBIX>PMENT. 

Very  little  has  been  done  in  developing  this  area.  There  are  only 
four  mines  with  railroad  connection  and  practically  their  entire 
product  is  used  by  the  towns  of  Grand  Junction,  Palisades,  and 
Fruita,  and  by  the  Uinta  Railroad.  These  mines  are  the  Cameo 
(No.  1),  Palisades  (No.  6),  Book  Cliff  (No.  10),  and  Carbonera  (No.  26). 
They  are  reported  to  have  produced  in  1905  a  total  of  only  50,000 
tons;  the  other  mines  shown  on  the  map  are  for  the  most  part  country 
banks  that  yield  a  few  hundred  tons  each  year.  At  present  the  local 
market  is  the  only  outlet,  but  with  the  equalization  of  freight  rates 
on  the  Denver  and  Rio  Grande  Railroad,  which  extends  along  the 
lowland  at  the  base  of  the  Book  Cliffs,  it  probably  will  not  be  long 
before  this  great  coal  reserve  will  be  more  actively  developed. 

9411— Bull.  316-07 21 
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The  following  is  a  list  of  the  niine^  and  prospects  in  this  area.     The 
numbers  correspond  to  those  used  on  the  map  (PI.  XVIII). 


1.  Cameo  mine. 

2.  Prospect  on  upper  coal. 

3.  Mount  Lin(X)ln  miu'  . 

4.  Riverside  mine. 

5.  Prospect  on  upper  coal. 

6.  Palisades  mine. 

7.  Garfield  mine. 

8.  Prospect  on  lower  coal. 

9.  Old  Book  Cliff  mine. 

10.  Book  Cliff  mine. 

11.  Keystone  or  Steele  mine. 

12.  Black  Diamond  mine. 

13.  Farmer*s  mine. 

14.  Bob  Cat  mine. 

15.  Excelsior  mine. 

16.  Corcoran  mine. 

17.  Hunter  mine. 

18.  Kiel  or  Gross  mine. 


19.  Nugent  mine. 

20.  Nearing  mine. 

21.  Mott  prospect. 

22.  Johnson  mine. 

23.  I^ane  mine. 

24.  Prospect. 

25.  Prospect. 

26.  Uinta  Railniad  Company's  mine. 

27.  Coal  outCK)p. 

28.  Coal  outcmp. 

29.  Prospect. 

30.  Ballard  mine. 

31.  Black  Babv  mine. 

32.  Petersen's  pro8i)ect. 

33.  Prentiss  pnwpc^ct. 

34.  Prentiss  ])n)spect. 

35.  Horse  Canyon  mine. 


THE  DURANGO  COAL  DISTRICT,  COLORADO. 


By  Joseph  A.  Taff. 


INTRODUCTIONS'. 

Tho  geology  and  coal  resources  of  the  Durango  district  are  gener- 
ally well  known.  Reconnaissance  surveys  were  made  through  the 
eastern  part  of  the  district  in  1905  and  through  the  western  part  in 
1906,  in  the  progress  of  a  survey  of  the  Durango-Gallup  coal  field. 
Reports  of  this  reconnaissance  work  are  found  in  the  Contributions 
to  Economic  Greology  for  1905  and  1906.* 

During  September  and  October,  1906,  the  writer  had  occasion  to 
map  the  base  of  the  coal-bearing  strata  of  the  Mesaverde  formation 
between  Florida  and  Mancos  rivers  and  the  base  of  the  Laramie  for- 
mation from  Animas  to  Florida  River.  This  mapping  was  done  by 
stadia  measurements,  a  method  that  permits  an  accuracy  of  loca- 
tion both  of  coal  areas  and  of  mines  and  prospects  that  is  not  obtain- 
able by  more  rapid  reconnaissance  methods. 

The  chief  purposes  in  presenting  this  paper  simultaneously  with 
the  report  of  reconnaissance  surveys  are  to  publish  the  map  showing 
accurately  the  boundaries  of  the  coal  land  and  to  discuss  more  fully 
the  development  of  the  coals. 

TOPOGRAPHY. 

The  country  indicated  by  the  map  (PI.  XIX)  as  the.  Durango  dis- 
trict lies  just  off  the  southern  foothills  of  the  San  Juan  and  La  Plata 
mountains.  The  uplifts  of  these  mountains  have  tilted  the  rocks 
steeply  toward  the  south  along  the  northern  border  of  the  area.  Far- 
ther south,  toward  the  center  of  the  Durango-Gallup  basin,  the  tilt- 
ing of  the  rocks  grows  gradually  less. 

In  general  conformity  with  the  southward  tilting  of  the  strata  there 
is  a  corresponding  but  lower  incline  of  the  land  surface.  Along  the 
southern  foothills  of  the  mountains  there  is  a  steeply  inclined  plain 
underlain  and  controlled  in  its  northern  part  by  the  Dakota  sand- 
stone.     This  plain  grows  gradually  narrower  toward  the  east  with 

aSchrader,  F.  C,  The  Durango-Gallup  coal  field  of  Colorado  and  New  Mexico:  Bull.  U.  S.  Geol. 
Survey  No.  285  1906,  pp.  241-258.  Shalcr,  M.  K.,  A  reconnaissance  survey  of  the  western  part  of  the 
Puran^o-Qallup  coal  field,  this  bulletin,  pp.  376-426. 
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the  increasing  steepness  of  the  dip  of  the  rocks.  It  extends  over 
.the  edge  of  the  Mancos  shale  with  gradually  decreasing  slope  south- 
ward to  the  base  of  the  Mesaverde  escarpment.^  This  escarpment 
is  made  by  the  outcropping  edge  of  the  Mesaverde  sandstone,  which 
includes  the  lowest  group  of  workable  coal  beds  in  the  district.  The 
position  of  the  crest  of  the  escarpment  is  shown  on  the  map  by  the 
line  indicating  the  outcrop  of  the  lowest  workable  coal  bed.  A  second 
broad  plain  slopes  southward  from  the  top  of  the  Mesaverde  scarp, 
its  southern  limit  being  the  escarpment  formed  by  the  outcrop  of 
the  Laramie  sandstone.  The  rocks  gradually  increase  in  dip  toward 
the  east  through  the  Durango  district,  and  there  is  a  corresponding 
increase  in  the  slope  of  this  plain  in  the  same  direction. 

The  Laramie  escarpment,  which  is  similar  to  that  of  the  Mesa- 
verde, is  located  on  the  map  by  the  line  designating  the  outcrop  of 
the  lowest  workable  Laramie  coal  bed.  This  escarpment  is  due  to  the 
outcrop  of  the  Laramie  sandstones.  The  Lewis  shale  crops  out  bek>w 
the  Laramie  on  the  north,  making  steep  slopes  beneath  the  sandstone 
cliffs.  On  the  south  side  of  the  scarp  the  slopes  are  more  gradual,  yet 
steep,  and  beyond  the  sandstones  softer  rocks  make  extensive  flat  areas. 

The  larger  streams,  Animas  and  La  Plata  rivers,  flow  southward 
across  the  escarpments  and  intervening  plains  with  little  change  of 
grade.  The  valleys  are  relatively  narrow  and  deep  at  the  crossing  of 
the  escarpment  ridges.  Through  plains  of  soft  strata  they  are  wider 
and  more  shallow,  yet  the  sides  are  steep. 

The  two  outliers,  Perrine  Peak  and  Bamroof  Point,  in  the  nfrthem 
part  of  T.  35  N.,  Rs.  9  and  10  W.,  are  mesas  capped  by  Mesaverde 
sandstone.  The  cliffs  are  high  and  in  places  impassable,  especially 
on  the  north  and  east. 

A  considerable  part  of  the  Dolores  Plateau  to  the  north  of  the  coal 
area  contains  forests  of  pine.  There  are  also  considerable  growths 
of  merchantal)le  pine  on  the  rougher  sandstone  surfaces  of  the  Mesa-- 
verde northwest  of  Porter,  toward  the  head  of  Hay  Gulch,  on  the 
borders  of  Cherry  Creek  Canyon,  and  on  branches  of  East  Canyon 
southeast  of  Mancos.  Elsewhere  in  this  district  the  vegetation  con- 
sists of  pill  on,  juniper,  scrub  oak,  and  various  other  kinds  of  brush. 

STRATIGRAPUY. 

There  are  two  formations  of  coal-l)earing  rocks  in  the  Durango 
district — the  Laramie  and  the  Mesaverde.  Each  consists  of  sand- 
stone, shale,  and  coal,  and  each  has  an  aggregate  thickness  of  several 
hundred  feet.  The  coal  beds  occur  in  the  midst  of  and  interbedded 
with  the  sandstone  and  shale.  The  Laramie  formation  is  the  younger, 
but  both  are  of  Cretaceous  age. 

Massive  white  sandstone  beds  lie  just  ]>elow  the  lowest  workable 
coal  hods  in  the  Laramie.  This  sandstone  makes  clifl's  in  the  ridges 
and  escarpments  and  forms  a  pronounced  feature  of  the  landscape. 
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The  mammoth  coal  bed  once  mined  at  Carbon  Jimction  and  the  beds- 
of  the  abandoned  La  Plata  mine  southeast  of  Durango  lie  just  above 
this  massive  sandstone.  Sandstone  beds  interstratified  with  shale 
occur  above  the  workable  coal  beds  of  the  Laramie  for  a  distance  of 
several  hundred  feet. 

The  Laramie  is  separated  from  the  Mesaverde  formation  below  by 
the  Lewis  shale,  1,600  feet  thick.  This  shale  makes  broad  stretches 
of  flat  country  between  the  basal  boundary  lines  of  the  Laramie  and 
Mesaverde  coals  shown  on  the  map. 

The  Mesaverde  formation  has  in  its  upper  part  pronoimced  sand- 
stone layers  interbedded  with  shale  and  some  thin  coal  beds.  A  cen- 
tral member  consists  of  shale,  beds  of  workable  coal,  and  sandstone. 
The  shale  or  shaly  beds  on  the  whole  are  more  pronounced  than  the 
sandstone  strata.  There  are  three  and  in  places  four  workable  beds 
of  coal  in  this  central  part  of  the  Mesaverde.  Very  near  and  below 
the  workable  coal  beds  there  are  thick  whitish  sandstone  beds  com- 
parable to  the  thick  white  sandstone  in  the  lower  part  of  the  Ijaramie 
formation.  These  sandstone  beds  show  in  almost  continuous  outcrops 
that  are  unfailing  keys  to  the  presence  of  the  coal  beds.  Below  the 
thick  sandstone  there  is  a  gradation  through  successively  thinner 
sandstone  layers  down  to  the  Mancos  shale.  The  Mesaverde  forma- 
tion has  a  total  thickness  of  nearly  1,000  feet. 

The  Mancos  shale,  underlying  the  Mesaverde,  is  about  1,200  feet 
thick.  Like  the  Lewis  shale,  the  Mancos  is  soft  rock.  It  outcrops  in 
valley  and  plateau  lands  north  of  the  Mesaverde  escarpment.  It  is 
imderlain  by  the  Dakota  sandstone,  which  contains  locally  workable 
coal  beds.  In  the  area  mapped,  however,  the  coal  is  not  known  to  be 
of  any  value  and  is  not  considered  in  this  report. 

STRUCTURE. 
FOLDS. 

All  the  coal-bearing  rocks  in  the  Durango  district  are  tilted  down- 
ward toward  the  south  and  southeast.  The  dip  of  the  rocks  varies 
from  piace  to  place,  increasing  northward  toward  the  moimtains  and 
also  eastward  along  the  outcrop  of  the  formations.  In  the  western 
part  of  the  district  the  dip  is  fairly  regular,  4®  to  5*^  toward  the  south. 
In  the  vicinity  of  Hesperus,  near  the  northern  outcrop  of  the  Mesa- 
verde coals,  the  dip  is  nearly  8®.  Within  a  few  miles  to  the  south  the 
dip  diminishes  to  4*^  and  continues  with  slight  decrease  down  Hay 
Gulch  to  La  Plata  River.  Local  warping  of  the  strata  between 
Durango  and  Hesperus  has  produced  lower  southward  dips  of  the 
rocks  near  the  outcrop  of  the  Mesaverde  coals.  The  dips  increase 
graduaUy  eastward  from  6®  near  Pofter  to  40®  on  Florida  River 
6  miles  northeast  of  Durango. 

The  rocks  in  the  central  part  of  T.  35  N.,  R.  10  W.,  have  been 
warped  into  a  very  shallow  fold  2  to  3  miles  in  width,  which  is  tilted 
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slightly  toward  the  southwest.  The  Perrine  Peak  mine,  near  the 
north  side  of  sec.  14,  T.  35  N.,  R.  10  W.,  is  in  the  central  part  of  this 
fold.  Farther  east  by  way  of  Durango  the  dip  changes  to  southeasterly 
and  gradually  increases,  finally  attaining  an  angle  of  36*^  to  40°  near 
the  eastern  boundary  of  the  area  mapped. 

In  the  southeastern  part  of  the  district,  in  a  belt  of  country  gener- 
ally following  the  outcrop  of  the  Laramie  coals,  the  rocks  are  tilted 
to  the  southeast  at  a  slightly  greater  angle  than  farther  west.  By 
reference  to  the  map  it  will  be  seen  that  the  dips  change  gradually 
along  the  Laramie  coal  outcrop,  from  8°  at  the  southern  ed^e  of  the 
area  to  45°  on  Florida  River. 

FAULTS. 

Only  a  few  faults  have  been  observed  in  tliis  district,  and  gener- 
ally they  are  too  small  to  interfere  seriously  with  the  mining  of  coal. 
The  rocks  are  exposed  so  extensively  that  faults  of  large  amount 
would  be  detected.  In  the  Durango  district  there  are  two  kinds  of 
normal  or  tension  faults.  One  is  the  ordinary  type,  in  which  the 
rocks  on  one  side  have  been  dropped  down  with  respect  to  those  on 
the  other  side  along  a  nearly  vertical  plane  of  fracture ;  in  the  faults 
of  the  other  type  the  plane  of  movement  is  nearly  horizontal. 

Two  faults  of  the  first  class  occur  near  Durango.  One  is  just  west 
of  the  Grold  Ejng  mine,  in  the  northeast  corner  of  sec.  32,  T.  35  N., 
R.  9  W.  This  fault  crosses  the  gulcli  in  a  northerly  direction  and  has 
a  throw  of  about  60  feet.  Another  fault  of  this  class  occurs  in  the  west- 
em  part  of  the  Gold  Prince  mine,  in  the  NE.  }  sec.  31 ,  T.  34  J  N.,  R.  9  E. 
This  fault  bears  in  a  northeast  direction  and  has  thro^^Ti  the  rocks  down 
toward  the  southeast.  It  has  been  overcome  in  the  mine,  however,  and 
mining  continued  westof  it.  Several  smallfaultsareencounteredinthe 
mines  at  Porter  and  nt  Perrine  Peak.  None  of  these,  however,  have 
displaced  the  rockH  more  than  a  few  feet.  Three  faults  were  noted  in 
the  Hesperus  mine,  bearing  X.  20°  W.  The  greatest  displacement 
observed  was  33  feet. 

Tension  faults  of  the  other  class  w^ere  noted  in  the  cUflFs  near  the 
north  end  of  the  Perrine  Peak  mesa,  in  sec.  11,  T.  35  N.,  R.  10  W. 
In  these  faults  the  plane  of  fracture  is  nearly  horizontal,  and  the  rocks 
above  the  break  appear  to  have  moved  northward  with  respect  to  the 
rocks  below.  The  displacement  in  all  cases  is  slight  and  would  not 
seriously  affect  coal-mining  operations. 

COATjS. 

LARAMIE    COAL. 

There  are  two  grades  of  coal  in  the  Durango  district.  One  occurs 
in  the  upper  or  Laramie  formation  and  the  other  in  the  Mesaverde 
formation.  The  location  of  the  lowest  workable  bed  in  the  Laramie 
is  shown  on  the  map.  This  coal,  of  which  there  are  several  beds,  is 
of  medium  to  low  grade.     It  is  classed  as  subbituminous  coal  (black 
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lignite).  It  is  dull  black  in  color  and  softer  than  the  ordinary  bitu- 
minous coal,  but  like  that  grade  it  mines  in  cubical  or  block  form. 
Wlien  exposed  to  the  weather  for  a  cqnsiderable  time  it  gives  out 
and  reabsorbs  more  moisture  imder  varying  conditions  of  the  atmos- 
phere than  the  coals  of  higher  grade,  and  will  finally  slack,  the  blocks 
breaking  down  into  small  lumps  or  particles.  It  is  considerably 
lighter  than  the  better,  bituminous  coals,  and  when  fired  in  the  loco- 
motive a  large  part  of  the  smaller  fragments  of  coal  are  driven  out 
in  the  blast.  Moreover,  a  considerable  percentage  will  pass  through 
the  grates  that  are  used  in  burning  bituminous  coal  of  better  grades, 
owing  to  its  softness  and  tendency  to  slack.  The  Laramie  coals  in 
this  region  contain  many  partings  of  shale  or  bone.  This  is  espe- 
cially true  of  the  lower  and  thicker  of  the  workable  beds.  In  mining, 
these  partings  can  not  be  entirely  eliminated  from  the  marketable 
coal.  Certain  variable  and  thin  bony  streaks  also  are  an  inseparable 
part  of  the  coal  bed  and  give  it  a  high  percentage  of  ash.  Coals  of 
this  class,  however,  mined  in  the  region  of  Sheridan,  Wyo.,  are  used 
very  extensively  and  successfully  by  locomotives  with  specially  con- 
structed grates. 

Tlie  coals  of  the  Laramie  formation  have  been  mined  to  a  con- 
siderable extent  in  sec.  27,  T.  35  N.,  R.  9  W.;  at  Carbon  Junction,  in 
sec.  4,  T.  34  N.,  R.  9  W.,  3  miles  south  of  Durango,  and  to  a  smaller 
extent  at  a  number  of  other  localities  in  the  Durango  district.  None 
of  the  beds  are  worked  at  present,  however,  on  account  of  the  abun- 
dance of  better  coal  in  this  district. 

MESAVERDE  COAL. 

The  other  class  of  coal  in  the  Durango  district  occurs  in  the  Mesa- 
verde  formation.  The  outcrop  of  the  lowest  workable  bed  in  this 
fonnation  and  also  all  the  mines  and  prospects  on  the  different  beds 
occurring  in  the  formation  are  shown  on  the  map.  It  is  known  that 
there  are  three  and  in  places  four  workable  coal  beds  in  the  Mesaverde 
formation.  The  coals  in  the  different  beds  vary  in  quaUty  slightly 
from  place  to  place.  The  beds  that  have  been  mined  for  a  number  of 
years  at  Porter  are  the  best  of  this  class  that  are  known  in  the  district. 
They  carry  a  good  grade  of  coking  coal,  which  is  coked  at  Porter  and 
Durango.     The  coke  is  utilized  chiefly  for  smelting  purposes. 

The  coal  that  is  mined  at  Hesperus  can  not  be  coked  successfully 
by  the  methods  in  use  at  present,  but  it  is  reported  to  have  been 
coked  under  more  favorable  conditions.  All  the  coals,  however,  that 
are  mined  at  present  at  Durango,  Porter,  Perrine  Peak,  Hesperus, 
and  in  the  vicinity  of  Mancos  are  high-grade  bituminous  coals,  and 
are  classed  as  excellent  fuels  for  locomotive  and  domestic  use.  The 
coal  mines  in  cubical  or  block  form,  but  some  of  it  is  reported  to  pro- 
duce considerable  slack.  This  slack,  however,  is  converted  into  coke 
or  is  utilized  in  stationary  engines  and  for  domestic  purposes. 
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COMPOSITION  OP  THE  COALS. 

Samples  of  the  coals  were  collected  from  the  various  mines  in  the 
district  and  shipped  in  sealed  cans  to  the  United  States  Geological 
Survey  fuel-testing  plant  at  St.  Louis,  where  analyses  were  made. 
Care  was  taken  to  see  that  each  sample  was  representative  of  that 
part  of  the  bed  which  was  mined,  if  the  coal  was  divided  into  benches 
by  shale  or  bone  partings.  Where  the  bed  was  unbroken  by  part- 
ings the  sample  was  taken  so  as  to  represent  an  average  of  the  entire 
bed.  In  each  case  a  section  of  clean  coal  was  cut  completely  across 
the  workable  coal,  broken  into  small  fragments,  mixed  thoroughly, 
quartered,  alternate  quarters  rejected,  mixed  and  quartered  again 
until  the  desired  amount  was  obtained.  This  was  inclosed  in  the  can 
and  sealed  in  the  mine  or  prospect  for  shipment.  The  results  of  the 
analyses  are  stated  in  the  subjoined  table: 

Analyses  of  coal  samples  from  Durango  district,  Colorado. 
[F.  M.  Stanton,  chief  chemist.] 


Locality. 


Laboratory  No. 


Analysts  of  sample  as  received: 

Moisture 

Volatile  matter 

Fixed  carbon 

^^'UAsh. 

\SuIphur 

.  llydrogen 

rr  ■  Carbon 

*^  Nitrogen 

Oxyeen 

Calorific  value  determined: 

Calories 

British  thermal  units 


Loss  of  moistuni  on  air  drying. 

Analysis  of  air-dried  sample: 
(Moisture 


M 
Of 


Three 
miles 
north- 
west 
of  Du- 
rango. 


Near 
Duran- 
go- 


3552.    I    4174. 


.3.64 

37.79 

53.35 

5.22 

1.3« 

5.39 

75.40 

1.4.S 

11.15 

7,553 
13,595 


2.70 
32.75 
59.82 

4.73 
.69 


1.60 


2.07 
Volatile  matter ■    38.  40 


Fixe<l  carbon 

^    TAsh 

iSulphur 

^  Hydrogen 

—  ■  Carbon 

•^  Nitrogen 

lOxygen 

Caloririe  vfilue  determined: 

Calories 

British  therm.*il  units. 


54. 22 
5.31 
1.38 
5.20 

7(1  r,3 
1.50 
9.89 

7.076 
13,816 


1.70 


Three  ' 
miles 
south- 
east of 
Duran- 
go. 

3551. 


32.70 

47.47 

16.78 

1.30 

4.73 

64.21 

1.43 

11.55 

6,011 
11,900 


Near 
Duran- 
go. 


ITes- 
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9.35 


7573. 


4225. 


I 


3991.    !    2002. 


5.  .55 
36.23 
52. 53 

5.09 
.64 

5.46 
72.70 

1.37 
14.14 

7,289 
13.120 


5.44 
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.53 
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33.32 
60.86 
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1.01 

33.40 

56.20  ' 

9.38 
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74.41 

1.40 
12.39 
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13,429 
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3.51 

39.50 

51.12 
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1.03 
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73.73 

1.50 

12.18 
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X7\ 
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2.46 
37.13 
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DETAILED  DESCRIPTION  OF  COAL  BEDS  BY  TOWNSHIPS. 


I^RAMIE   COAL. 


r.  35  N.y  R.  9  W. — Of  the  two  principal  coal  beds  of  the  Laramie 
formation  that  have  been  mined  and  prospected  in  the  district,  a 
number  of  exposures  have  been  made  in  the  southeastern  part  of  this 
township.    A  small  mine  was  located  on  one  of  these  beds  and  con- 
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siderable  coal  has  been  removed,  as  shown  by  slack  on  the  dump, 
but  the  opening  was  closed  and  a  section  of  the  bed  could  not  be 
obtained. 

Another  prospect  has  been  made  in  the  east  side  of  the  SE.  J  sec.  23. 
The  coal  bed  is  tilted  strongly  toward  the  southeast.  The  prospect 
is  in  the  form  of  a  shallow  pit  across  the  bed.  The  following  is  a 
section  of  the  coal : 

Section  of  coal  bed  in  SE.  }  sec.  2S,  T.  35  N.,  R.  9  W. 

Ft.   in. 

Coal 6 

Shale 10 

Coal 4 

Shale 7 

Coal : 3 

Shale 1 

Coal 1      3 

Shale 5 

Bone  and  sliale 4 

Coal -  1      9 

Shale 3 

Coal 1      8 

29      4 

A  prospect  in  the  NW.  J  NE.  J  sec.  26  was  made  a  number  of  years 
ago  and  the  section  of  the  coal  is  concealed  by  caving  of  the  earth. 

Both  the  upper  and  the  lower  beds  have  been  worked  at  what  was 
known  as  the  La  Plata  mine  in  the  SW.  J  SE.  J  sec.  27.  The  lower 
bed  of  coal  was  on  fire  at  the  time  this  investigation  was  made  and  a 
full  section  could  not  be  obtained.  A  section  of  the  upper  bed  is 
as  follows: 

Section  of  upper  coal  bed  in  the  SW.  }  SE.  }  sec.  €7,  T.  35  JV.,  R.  9  W. 

Shale  roof.  Ft.  In. 

Coal 1  2 

Bone 4 

Coal 3 

Bone 1 

Coal 1  9 

Shale  floor.  

7    3 

The  lower  coal  occurs  about  75  feet  below  the  upper.  It  is  a  much 
thicker  bed,  but  contains  many  shale  and  bone  partings. 

The  lower  Laramie  coal  has  been  mined  in  the  NW.  J  sec.  34,  and 
for  a  considerable  time  the  coal  was  hauled  by  wagon  to  Durango. 
Operations  here  ceased  a  number  of  years  ago,  and  the  earth  had 
fallen  in  the  entry,  so  that  a  section  of  the  coal  could  not  be  made. 

T,  S4i  N.,  R.  9  W. — A  prospect  on  the  upper  coal  is  located  in  the 
SE.  i  sec.  33,  T.  ^^  N.,  R.  9  W.     The  prospect  was  partially  filled  and 
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only  the  upper  6  feet  of  the  bed  could  be  seen.     The  coal  was  massive 
and  appeared  to  be  of  average  grade  for  this  class. 

T.  34  N,,  Rs.  9-11  W. — Considerable  mining  has  been  done  on  the 
lower  bed  at  Carbon  Jimction,  on  the  east  side  of  sec.  4,  T.  34  N., 
R.  9  W.  This  bed  is  virtually  a  group  of  coal  beds  separated  by  thin 
bands  of  shale  and  bony  coal.  Several  of  these  separate  benches  are 
of  workable  thickness.  The  following  is  a  section  of  the  bed  at  Carbon 
Junction: 

Section  of  lower  coal  bed  at  Carbon  Junction,  in  sec,  4,  T.  S4  N.,  R.  9  W, 

Ft.  In. 

Coal,  bony 3 

Coal 8 

Coal,  bony 2  2 

Coal 1  3 

Shale 5 

Coal 1 

Bone 7 

Coal 1  6 

Bone 1 

Coal 1  6 

Shale 5 

Coal 2 

Bone 2 

Coal 9 

Bone 2 

Coal 1  4 

Shale,  black 1 

Coal 10 

Shale,  black 8 

Coal 2 

Shale 6  5 

Coal 3  6 

Sandstone 1 

Coal,  bony 2  9 

Coal 3  6 

Bone 6 

Coal 2 

Shale,  black 2 

Coal 5 

49    11 

Prospects  on  these  coal  beds  have  been  made  in  the  S.  J  sec.  8,  T.  34 
N.,  R.  10  W.;  and  in  the  NE.  J  sec.  13  and  SW.  J  sec.  34,  T.  34  N., 
R.  11  W.  They  show  the  continuation  of  the  coal  beds  across  the 
Durango  district. 

MESAVERDE   COAL. 

T.  35  N,j  R.  9  W, — A  prospect  on  one  of  the  Mesaverde  coal  beds 
lies  in  the  SE.  \  sec.  14,  but  a  section  of  fresh  coal  could  not  be 
obtained. 
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Several  abandoned  mines  are  located  in  sees.  22,  27,  and  28,  near  the 
road  on  the  southeast  side  of  the  ridge  made  by  the  Mesaverde  sand- 
stones. The  coal  was  obtained  at  these  localities  by  timnels  driven 
northwestward  horizontally  through  the  overlying  sandstones.  The 
coal  was  hauled  by  wagon  to  Durango.  With  the  exception  of  the 
one  in  the  SW.  J  SE.  J  sec.  21,  these  mines  had  fallen  into  decay  and  a 
satisfactory  section  of  the  coal  beds  could  not  be  obtained.  The  sec- 
tion at  the  location  just  cited  is  as  foUows: 

Secli(m  of  coal  bed  in  SW.  i  SE.  J  sec.  21,  T.  35  N.,  R.  9  W. 

Shale  roof.                                                                                      Ft.  In. 

Coal 10 

Bone 2 

Coal 11 

Bone 2 

Coal 2 

2      3 

The  prospects  located  in  the  NW.  \  NE.  \  sec.  28  also  show  2 
feet  3  inches  of  coal. 

Mining  operations  are  being  actively  carried  on  at  what  is  known  as 
the  Gold  King  mine,  located  in  the  southwest  comer  of  sec.  28,  on  one 
of  the  upper  beds  of  this  formation.  The  coal  is  mined  by  a  drift 
driven  on  the  strike  of  the  coaJ  bed  toward  the  northeast.  Entries 
have  been  driven  to  the  north  1,700  feet  and  to  the  south  1,200  feet, 
and  rooms  are  turned  both  to  the  right  and  left.  The  coal  dips  toward 
the  southeast  at  an  angle  of  18®.  A  section  of  the  bed  in  the  mine  is 
as  follows: 

Section  of  coal  bed  in  Gold  King  mine,  in  sec.  28,  T.  .^5  N.,  R.9  W. 

Sandstone  roof.  Ft.   in. 

Coal 2      5 

Shale 2 

Sandstone  floor. 

The  bed  varies  in  thickness  from  place  to  place  in  the  mine.  It  is 
reported  to  average  about  2  feet  10  inches. 

A  lower  bed  has  .been  opened  across  the  gulch  from  the  Gold  King 
mine,  in  the  NE.  \  sec.  32.  The  coal  is  in  two  benches.  The  follow- 
ing section  is  exposed  at  the  opening: 

Sectvm  of  coal  bed  in  NE.  }  sec.  32,  T.  35  N.,  R.  9  W. 

Shale  roof.  Ft.  in. 

Coal 2  8 

Shale  with  thin  coal 9  G 

Coal 2  0 

Shale  floor. 
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Another  bed  about  75  feet  lower  in  the  section  is  exposed  on  the 
north  side  of  the  gnlch,  in  the  northeast  comer  of  sec.  32.  A  section 
of  the  bed  is  as  foUows: 

Section  of  coal  bed  in  sec.  32 y  T.  S5  N.^  R.  i)  W. 

Ft.  In. 

Coal 6 

Shale 4 

Coal 1  3 

Shale 5 

Coal 6 

SandHtone  floor.  


A  number  of  coal  beds  in  the  lower  part  of  the  Mesaverde  formation 
have  been  prospected  and  mined  to  a  considerable  extent  on  both 
sides  of  Animas  River,  in  the  southern  part  of  sec.  32.  The  beds  are 
much  thinner  than  those  occurring  higher  up,  and  inining  has  not 
been  found  profitable  in  the  presence  of  thicker  beds. 

A  prospect  in  the  NW.  J  SE.  \  sec.  31  shows  3  feet  6  inches  of  coaJ. 
Another  coal  is  opened  in  the  SE.  J  sec.  31,  and  shows  the  following 
section: 

Section  of  coal  bed  in  SE.  }  sec.  31,  T.  35  N,,  R,  9  W, 

Sandstone,  shaly.  Ft.  in. 

Coal 5 

Shale 1 

Coal 2 

Shale,  carbonaceous,  floor.  

3    5 

Two  mines  not  now  in  operation  are  located  in  the  NW.  \  sec.  31 
on  what  appears  to  be  the  same  bed,  which  has  a  thickness  of  4  feet 
7  inches  of  clean  coal.  The  same  coal  bed  has  been  mined  for  a 
number  of  years  near  the  south  side  of  sec.  30,  but  is  now  abandoned. 
The  coal  was  delivered  over  an  incline  leading  northward  to  Lightner 
Creek  vaUey.  It  is  reported  that  the  coal  in  this  mine  has  been 
removed  through  the  ridge  to  the  south,  to  the  mine  above  mentioned, 
located  in  the  NW.  i  sec.  31. 

One  of  the  upper  beds  of  the  Mesaverde  is  now  being  mined  actively 
in  the  NE.  \  sec.  6,  T.  M\  N.,  R.  9  W.,  very  near  the  south  line  of 
T.  35  N.,  R.  9  W.  The  mine  here  is  locally  known  as  the  Gold  Prince, 
also  as  the  Champion  mine,  and  is  under  the  control  of  the  Gold  King 
Mining  Company.  Tlie  coal  in  the  Gold  Prince  mine  is  reported  by 
the  operators  to  range  between  3  and  4  feet  in  thickness  of  clear  coal. 
An  examination  of  the  working  face  made  in  October,  1906,  showed 
that  the  bed  ranges  in  thickness  between  2 J  and  3 J  feet.  The  coal 
dips  about  18°  SE.     The  bed  has  a  sandstone  roof  and  floor. 
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A  prospect  is  located  in  the  NW.  i  SE.  i  sec.  31,  T.  35  N.,  R.  9  W., 
on  what  is  probably  a  lower  bed  than  that  mined  at  the  Gold  Prince. 
The  following  is  a  section  at  this  locaUty: 

Section  of  coal  bed  in  the  NW.  J  SE.  }  sec.  31,  T.  35  N.,  R.  9  W. 

Sandstone  roof.  Ft.  in. 

Shal  e 4 

Coal : 3 

Bone 2 

Coal 4      2 

Shale 1      6 

Coal 7 

7 

In  the  SE.  i  SE.  J  sec.  31a  prospect  shows  a  coal  bed  3  feet  6  inches 
thick  without  partings. 

T.  35  N.y  R.  10  W. — The  Porter  mines,  three  in  number,  are  located 
in  sees.  34  and  35,  on  three  separated  beds  of  coal.  A  section  of  these 
beds  as  at  present  mined  is  as  follows,  in  descending  order: 

Section  of  coal  beds  at  Porter,  in  sees.  34  and  35,  T.  35  N.,  R.  10  W. 

No.  1. 

Coal,  bony,  roof  overlain  by  sandstone.  Ft.    in. 

Coal 2      4. 

Shale,  sandy. 

Shale  and  sandstone 75 

No.  2. 

Shale. 

Coal 1      li 

Bone 9 

Coal 2      6 

Shale  and  sandstone 30 

No.  3. 

Coal 10 

Shale 1 

Coal 4 

Bone 2 

Coal 2      7i 

Shale,  followed  below  by  massive  sandstone. 

The  lowest  bench  of  coal,  2  feet  7i  inches  thick,  is  the  only  part  of 
bed  No.  3  at  present  mined.  Bed  No.  1  is  mined  near  the  center  of 
the  SE.  \  sec.  34.  Beds  Nos.  2  and  3  are  worked  in  the  mine  located 
near  the  center  of  the  east  side  of  sec.  34,  and  No.  3  alone  is  worked 
in  the  third  mine,  located  in  the  NW.  \  sec.  35.  The  principal  opera- 
tions are  in  bed  No.  3.  Its  main  entry  is  driven  northward  through 
the  hill  and  across  the  gulch. 

Several  prospects  are  located  on  the  south  side  of  the  valley  of 
Lightner  Creek,  in  sec.  22.     At  a  small  mine  in  the  SE.  \  SW.  \  NW.  \ 
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sec.  22,  worked  intermittently,  the  coal  bed  is  4  feet  4  inches  thick 
without  partings.  This  bed  appears  to  be  the  same  as  No.  3,  or  the 
lowest  bed  in  the  Porter  mines. 

The  prospect  on  Lightner  Creek  in  the  NE.  J  NW.  J  sec.  22,  appar- 
ently on  the  same  bed  as  Porter  bed  No.  3,  shows  5  feet  11  inches  of 
clean  coal.  A  higher  bed  has  been  prospected  at  the  same  locality, 
but  the  section  could  not  be  seen. 

Three  coal  beds  have  been  prospected  in  the  forks  of  Lightner 
Creek  in  the  NE.  J  sec.  21 .  A  section  of  the  coal  and  intervening  rocks 
is  as  follows,  in  descending  order: 

Section  of  coal  beds  in  NE.  J  sec.  21,  T.  35  JV.,  R.  10  W. 

Upper  bed:  Ft.     in. 

Coal 7 

Shale 7 

Coal 2      7 

Shale  and  sandstone. 
Middle  bed : 

Shale  roof,  6  inches,  overlain  by  sandstone. 

Coal 4      9 

Shale  floor. 

Sandstone  and  shale 80 

Lower  bed: 

Coal 2      3 

The  lower  bed  outcrops  30  feet  above  the  base  of  the  gulch. 

A  coal  mine  has  recently  been  opened  near  the  center  of  tfee  E.  i  sec. 
21,  in  the  east  side  of  the  valley,  and  the  entry  is  driven  toward  the 
east.  The  bed  here  appears  to  be  the  same  as  No.  3  of  the  Porter 
mines.     The  section  of  coal  is  as  follows: 

Section  of  coal  bed  in  E.  \  sec.  21,  T.  So  N.,  R.  10  W. 

Sandstone  nx>f.  Ft.  in. 

(bal 3  9 

Bone 5 

Coal 4 

4      6 

Twenty-iivc  feet  higher  in  the  rocks  a  coal  bed  probably  equivalent 
to  No.  2  of  the  Porter  mines  is  exposed  and  shows  the  following  section: 

Section  of  coal  bed  in  E.  J  sec.  ^1,  T.  S5  X.,  R.  10  W. 

Ft.     In. 

Coal 4 

Bone 2 

Co^l 1 

1      e 
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A  coal  bed,  probably  No.  3  of  the  Porter  mines,  is  prospected  at  the 
center  of  the  north  side  of  the  NE.  J  sec.  21,  where  it  has  a  thickness 
of  4  feet  1 1  inches  without  partings. 

An  old  prospect  in  the  NE.  J  sec.  16  shows  2  feet  of  coal  inclosed  by 
beds  of  shale. 

The  Calumet  Fuel  Company  has  mines  located  on  Perrine  Peak 
mesa,  in  the  N.  i  sec.  14.  The  Perrine  Peak  mine  is  served  by  a 
branch  from  the  Rio  Grande  Western  Railway  in  Lightner  Creek 
valley.  The  coal  is  mined  on  the  rise  toward  the  northeast.  The 
bed  ranges  in  thickness  between  2  feet  6  inches  and  7  feet.  The  roof 
is  shale,  1  to  2  feet  thick,  and  requires  careful  timbering.  In  places  a 
5-inch  shale  parting  appears  near  the  base  of  the  bed.  The  floor  is 
sandstone.  The  section  at  the  face  of  the  first  rise,  1,200  feet  from  the 
mouth  of  the  mine,  is  as  follows: 

Section  of  coal  bed  in  Perrine  Peak  mine  in  N.  J  sec.  14 1  T.  S5  N,y  R,  10  W. 

Ft.  In. 

Coal 6  10 

Shale 6-8 

Coal 3-12 

A  section  of  the  same  bed  250  feet  from  the  mouth  of  the  main  entry 

is  as  follows: 

Section  of  coal  bed  in  Perrine  Peak  mine. 

Ft.  In. 

Coal 5  11 

Shale 7 

Coal 4 


6     10 


The  following  is  a  section  of  the  same  bed  near  the  mouth  of  the 
main  entry: 

Section  of  coal  bed  in  Pemne  Peak  mine. 

Ft.  In. 

Coal,  bony -  9 

Coal 5  Si 

Shale 5 

Coal 9 


7    7i 

One  of  the  Mesaverde  coal  beds  having  a  thickness  of  3  feet  3  inches 
of  clean  coal  has  been  prospected  in  the  SE.  \  NE.  \  sec.  16. 

T.  S5  N.y  R,  11  TF. — Several  prospects  have  been  made  and  coal 
mined  to  a  small  extent  in  the  NE.  J  sec.  15,  on  the  west  side  of 
La  Plata  River.  Two  workable  coal  beds  are  exposed  at  this  locality, 
in  approximately  the  positions  of  beds  Nos.  1  and  2  in  the  Porter 
mines.     The  following  is  a  section  of  the  coal  and  associated  rocks: 
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Section  of  coal  beds  in  NE.  \  sec.  15,  T.  S5  AT.,  R.  11  W. 

Sandston*',  shaly.  Ft.     In. 

(bal 3 

Shale 4 

Coal ■ 3      9 

Shale 10 

Coal 1      9 

Shale 3 

Coal 6 

Shale  and  Bandatone 75 

Coal 8 

Shale 8 

Coal 2      6 

Shale 6 

Sandstone,  thick. 

One  of  the  lower  beds  in  the  Mesaverde  formation  has  been  mined 
extensively  on  the  east  side  of  the  La  Plata  in  the  NE.  }  sec.  14. 
These  mines  were  abandoned,  apparently  for  more  favorable  loca- 
tions at  Hesperus,  in  the  southern  part  of  the  same  section.  They 
have  fallen  by  decay,  but  the  section  at  the  main  entry  is  shown  as 
follows: 

Section  of  coal  beds  in  NE.  }  sec.  14,  T.  35  N.,  R.  11  W. 

Sandstone,  shaly.  Ft.   in. 

Coal  exposed  (lower  part  of  bed  eonceab'd ) 5 

Shale  and  sandstone 100 

Shale  n)of  to  coal. 

Coal 6 

Bone 3 

Coal 6    2 

Sandstone. 

One  of  these  beds  has  been  mined  extensively  near  the  south  edge 
of  sec.  12,  in  what  is  known  as  the  Ute  mine.  Operations  had  ceased 
at  thLs  mine  when  an  investigation  of  the  coal  was  made,  but  the  bed 
appears  to  correspond  to  No.  1  or  No.  2  of  the  Porter  section.  The 
following  is  the  section  of  the  coal  at  the  Ute  mine: 

Section  of  coal  bed  at  Ute  mine,  sec.  U,  T.  35  N.,  R.  11  W. 

Ft.   In. 

Sandstone,  white,  exposed 20 

Shale  nK)f. 

Coal 3    11 

Bone 3 

Coal 1 

Total  roal  bed 5      2 

One  of  the  lower  coal  l)ods  of  the  Mesaverde  formation  is  worked 
actively  at  Hesperus,  in  what  is  known  as  the  Hesperus  mine,  which 
is  under  the  same  control  as  the  mines  at  Porter.  The  bed  has  an 
average  thickness  of  about  5A  feet.  Locally  it  runs  as  high  as  6J  feet 
and  as  low  as  4  feet  10  inches.     It  is  mined  by  slope  toward  the  west. 
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The  coal  dips  12^  S.  near  the  entrance  and  about  8^  at  the  face  of  the 
main  slope.  The  roof  of  the  coal  is  generally  sandstone,  but  a  selvage 
of  shale  occurs  locally  between  the  sandstone  and  coal.  The  floor  is 
sandstone,  with  a  few  inches  of  carbonaceous  shale  or  bone  at  the 
base  of  the  coal. 

Some  of  the  upper  coal  beds  of  the  Mesaverde  formation  have  been 
prospected  and  mined  for  local  consumption  in  Hay  Gulch,  in  sec.  31, 
T.  35  N.,  R.  11  W.,  and  sec.  36,  T.  35  N.,  R.  12  W.  One  of  these  beds 
in  the  NW.  J  NW.  J  sec.  31  is  6  feet  8  inches  thick  and  has  a  shaly 
sandstone  roof.  The  same  bed  has  been  mined  in  the  NE.  J  sec.  36, 
T.  35  N.,  R.  12  W.,  but  the  operations  are  now  abandoned  and  the 
coal  is  partially  concealed,  2i  feet  being  exposed  from  the  roof  down- 
ward. A  prospect  on  what  is  probably  the  same  bed  is  located  in  the 
SE.  i  NW.  i  sec.  36,  T.  35  N.,  R.  12  W.  A  short  drift  20  feet  m  length 
has  been  driven  on  the  coal.     The  section  here  is  as  follows: 

Section  of  coal  hedin  8E.  i  NW.  {  sec.  36,  T.  35  N.,  R.  12  W. 

Sandfltono.  Ft.   in. 

Coal 1 

Bone 6 

Coal 4 

Sandstone 20-30 

Total  coal  bed 5    6 

The  lower  coal  beds  of  the  Mesaverde  formation  are  exposed  in 
natural  outcrops  in  many  places  along  the  upper  courses  of  Hay  Gulch, 
in  sees.  16,  17,  20,  and  21,  T.  35  N.,  R.  11  W.  The  crop  of  one  of 
these  coals  in  the  NE.  J  sec.  17  shows  4  feet  of  coal.  A  shallower 
prospect,  located  in  the  SW.  J  SW.  i  sec.  8,  exposes  10  feet  of  coal 
apparently  without  any  parting.  The  coal,  however,  is  partially 
decomposed  and  its  true  character  could  not  be  determined. 

T.  35  N.,  R,  12  W. — Coal  has  been  prospected  on  the  east  side  of 
Alkali  Gulch  near  the  Crawford  ranch.  The  bed  has  a  sandy-shale 
roof  and  shows  3  feet  9  inches  of  coal. 

A  number  of  natural  coal  outcrops  were  noted  on  the  east  side  of 
Cherry  Creek  valley.  In  the  SE.  \  sec.  31  a  coal  bed  in  the  upper 
part  of  the  Mesaverde  formation  is  exposed  in  a  prospect  and  shows 
the  following  section : 

Section  of  coal  bed  in  (he  SE.  \  sec.  31,  T.  35  N.,  R.  12  W. 

Shalo,  whit(\                                                                                Ft.  in. 

Coal 2 

Shale 4 

Coal 3 

Shale,  black 4 

Coal 3 

Shale  and  coal 4 

Coal 2  G 

Shale.  

6    11 

9411— Bull.  316—07 22 
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In  the  SE.  J  NW.  J  sec.  32,  on  the  east  side  of  Cherry  Creek,  ten 
different  coal  beds,  two  or  three  of  which  are  workable,  are  exposed 
in  a  small  gulch.     The  upper  workable  bed  has  the  following  section: 

Section  of  coal  bed  in  the  SE.  {  NW.  i  sec.  32,  T.  35  N.,  R.  12  W, 

Sandstone.  Ft.    in. 

Coal 3..  4 

Shalo 1      3 

Coal 1     10 

6      5 

About  100  feet  lower  in  the  section  is  another  workable  coal  bed, 
which  has  the  following  section: 

Secti(m  of  coal  bed  in  the  SE.  i  NW.  \  sec.  32,  T.  35  N.,  R.  12  W. 

Shale.  Ft.  in. 

Coal 1  3 

Sandstone 4 

Coal 1  3 

Shale.  '  

2    10 

Between  the  two  beds  above  described  there  are  two  other  beds 
in  which  the  coal  has  a  thickness  of  2  feet.  About  25  feet  l)elow  the 
lower  bed,  whose  section  is  given  above,  is  another  showing  2  feet  of 
coal.  All  of  the  coal  is  weathered  and  a  satisfactory  interpretation 
of  its  quality  can  not  be  made. 

T,  35  N,j  R,  IS  W, — Several  coal  beds  in  the  Mesaverde  formation 
are  exposed  and  active  mining  has  been  carried  on  in  the  W.  ^  sec.  2, 
T.  35  N.,  R.  13  W.  The  mine  now  being  worked,  known  as  the 
Spencer  mine,  is  located  in  the  north  face  of  the  escarpment.  An 
incline  and  spur  of  the  Rio  Grande  Southern  Railroad  is  being  con- 
structed from  Mancos  and  it  is  planned  to  mine  a  large  quantity  of 
coal  in  the  near  future.  Previously  the  output  was  hauled  from  the 
mines  to  Mancos  by  wagon  and  shipped  principally  to  Telluride.  The 
coal  from  this  mine  is  especially  sought  for  domestic  fuel.  Two  work- 
able beds  are  exposed  in  the  same  locality  by  prospect  above  the 
Spencer  coal.  The  following  is  a  secti(m  of  the  three  coal  beds  with 
intervening  rocks: 

Section  of  coal  beds  at  Spencer  mine. 

Shale.  Ft.     in. 

Coal,  bony 1 

Coal 1      IJ 

Bone ■  2 

Coal 1    11 

Sandstone  and  shalo 30 

Shale. 
Coal 3      3 

Sandstone 25 

Coal,  Spencer  bed '. 3      2 

Shale. 
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Natural  exposures  of  the  coal  beds  in  the  Mesaverde  formation  are 
of  common  occurrence  on  the  headwaters  of  the  western  branch  of 
East  Canyon,  south  and  east  of  the  Spencer  mine.  In  all  these 
exposures  the  coal  is  considerably  decomposed  and  it  was  not  pos- 
sible to  determine  its  character,  though  the  sections  indicated  work- 
able thickness.  The  same  beds  are  exposed  at  a  number  of  places  in 
sec.  36,  on  a  branch  of  Cherry  Creek.  There  were  no  fresh  exposures 
in  this  locality,  but  the  showing  made  by  the  beds  indicated  workable 
coal. 

T.  36  N.,  B.  IS  F.— What  is  believed  to  be  the  same  bed  that  is 
worked  at  the  Spencer  mine  has  been  recently  opened  in  the  NE.  J 
sec.  36,  at  the  Wood  mine.  An  entry  about  100  feet  in  length  has 
been  driven  on  the  coal  at  this  place.  The  following  section  is  shown 
at  the  face : 

Section  of  coal  bed  at  Wood  mine,  in  NE.  \  sec.  36,  T.  S6  N.,  R.  13  W. 

Shale  and  thin  coal  interstratified.                                             Ft.  in. 

Coal 1  4 

Coal,  shaly 5  5 

Coal 3 

Bone 6 

10        3 


THE  PLEASANT  VALLEY  COAL  DISTRICT,  CARBON  AND 

EMERY  COUNTIES,  UTAH. 


By  Joseph  A.  Tafp. 


INTRODUCTION. 

A  reconnaissance  survey  of  the  Book  CliflFs  coal  field  in  Carbon, 
Emery,  and  Sevier  counties,  Utah,  was  made  by  the  writer  in  1905. 
At  the  same  time  certain  areas  were  surveyed  more  carefully  for  the 
purpose  of  classification,  but  the  time  allotted  did  not  permit  an 
accurate  limitation  of  the  coal  land  as  a  whole  or  a  thorough  study  of 
the  structure  of  the  rocks. 

During  the  season  from  April  to  September,  1906,  the  outcrop  of 
the  lowest  workable  coal  in  the  sectioned  areas  of  the  same  coal  field 
were  located  by  instrumental  measurement  and  much  additional 
information  was  gained  regarding  the  character  of  the  coal  and  the 
general  structure  of  the  rocks.  The  outcrop  of  the  lowest  workable 
coal  was  mapped  as  accurately  as  the  land  surveys  would  permit. 
This  outcrop  marks  the  boundary  of  the  coal  land  and  is  shown  on 
the  accompanying  map  (PL  XX). 

In  the  Book  Cliffs  proper^  which  extend  eastward  from  the  vicinity 
of  Castlegate,  the  later  surveys  produced  but  little  information  addi- 
tional to  that  obtained  in  the  previous  reconnaissance  work.  The 
coal-bearing  measures  are  admirably  exposed  in  the  bold  and,  for 
the  most  part,  bare  escarpments  of  the  Book  Cliffs  and  in  the  eastern 
edge  of  the  Wasatch  Plateau.  The  geology  is  simple,  the  rocks 
being  almost  flat.  In  Pleasant  Valley,  however,  near  the  north  end 
of  the  Wasatch  Plateau,  and  in  Huntington  Canyon,  lying  inune- 
diately  to  the  south,  the  surface  features  are  smoother,  especially  in 
the  more  elevated  parts,  though  deeply  cut  into  canyons  and  gulches. 
Here  the  edges  of  the  coal-bearing  strata  are  concealed  in  a  large 
measure  by  a  mantle  of  soil  and  weathered  rock.  In  addition,  a  more 
abundant  growth  of  vegetation  is  found  here  than  in  the  lower  and 
more  broken  lands.  The  recent  surveys  in  the  Pleasant.  Valley 
district  have  added  much  to  previous  knowledge  of  the  occurrence  of 
coal  and  the  faulted  structure  of  the  rocks. 

33S  ? 
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liOCATION. 

The  area  here  designated  as  the  Pleasant  Valley  district  lies  at  the 
junction  of  the  Book  CliflFs  and  the  Wasatch  Plateau.  The  coal- 
bearing  strata  are  continuously  exposed  in  the  Book  CliflFs  from  Castle- 
gate  eastward  into  Colorado.  They  crop  out  also  in  the  eastern 
escarpment  of  the  Wasatch  Plateau  from  the  same  locality  southward 
for  more  than  60  miles  into  eastern  Sevier  County,  where  the  coal 
field  is  interrupted  by  the  igneous  mass  of  Mount  Hilgard. 

The  coal  exposures  in  Pleasant  Valley  are  an  inlier  in  a  local  swell 
of  the  strata  at  the  junction  of  the  Book  CliflFs  and  Wasatch  plateaus. 

The  main  line  of  the  Rio  Grande  Western  Railway  crosses  the  coal- 
bearing  rocks  at  Castlegate,  just  east  of  the  Pleasant  Valley  district, 
and  a  branch  connects  the  coal  mines  in  Pleasant  Valley  with  the 

main  line  at  Colton. 

TOPOGRAPHY. 

The  surface  of  the  Pleasant  Valley  region  exhibits  three  distinct 
types  of  topography.  The  most  prominent  of  these  is  the  bare  and 
rugged  escarpments  of  the  Book  CliflFs  and  Wasatch  Plateau,  1,000  to 
1 ,500  feet  high.  That  of  the  Book  CliflFs  is  continuous  westward  from 
Colorado  and  joins  the  scarp  of  the  Wasatch  Plateau  12  miles  west  of 
Castlegate.  It  faces  toward  the  south.  The  scarp  of  the  Wasatch 
Plateau  faces  eastward  and  stretches  to  the  south  for  65  to  75  miles, 
coming  to  an  end  in  eastern  Sevier  County.  The  coal  measures  crop 
out  in  the  middle  slopes  of  the  Book  CliflFs  and  Wasatch  escarpments 
and  in  the  sides  of  Pleasant  Valley. 

At  the  base  of  the  Book  CliflFs  and  Wasatch  escarpments  is  a  broad, 
rolling  plain,  open  toward  the  south  and  east,  known  as  Castle  Valley, 
which  lies  500  to  1 ,000  feet  below  the  coal-bearing  strata. 

The  third  important  topographic  feature  in  this  coal  district  is 
found  above  the  outcrop  of  the  coal-bearing  rocks,  the  top  of  which 
usually  lies  a  few  hundred  feet  below  the  higher  cliflFs  in  the  escarp- 
ments. Back  of  these  cliflFs  the  surface  is  comparatively  smooth  to 
the  top  of  the  plateau.  The  crests  of  the  ridges  in  the  general  plateau 
level  are  oval  and  undulating,  and  the  upper  courses  of  the  valleys  are 
shallow  and  smooth  except  where  the  divides  approach  the  escarp- 
ment.    In  such  places  the  surfaces  are  steep  and  in  places  bluflFy. 

South  of  Pleasant  Valley  Huntington  River  has  cut  a  deep  gorge 
or  boxlike  canyon  through  the  harder  rocks  associated  with  the  coal 
and  is  now  flowing  on  the  soft  shale  of  the  imderlying  fonnation.  The 
undercutting  in  the  softer  shale  is  responsible  in  a  l^-rge  measure  for 
the  precipitous  character  of  the  canyon  walls.  At  the  upper  limit  of 
the  coal  rocks  the  topography  of  Huntington  Canyon  changes  from 
the  abrupt,  angular  features  of  the  box  canyon  to  the  oval  though 
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steep  slopes  of  the  higher  parts  of  the  Wasatch  Plateau.  Farther 
north,  in  T.  13  S.,  R.  6  E.,  the  valley  is  comparatively  shallow,  wide, 
and  smooth. 

Similar  topographic  conditions  prevail  in  Pleasant  Valley,  which  is 
drained  by  West  Fork  of  Price  River.  The  valley  is  a  deep,  narrow 
gorge  near  its  head,  but  grows  gradually  broader  and  flatter  toward 
the  north,  and  midway  between  Clear  Creek  and  Scofield  the  bottom 
is  flat.  It  broadens  northward  to  a  width  of  about  1  mile  at  Scofield. 
In  T.  12  S.,  R.  7  E.,  it  is  a  flat  swampy  plain  and  has  a  width  of  nearly 
2  miles.  In  sec.  9  the  river  turns  abruptly  eastward,  leaving  the 
swampy  plain,  and  enters  a  narrow,  sharp  gorge,  and  so  continues  to 
Col  ton. 

The  hills  and  ridges  rise  gradually  from  Pleasant  Valley  in  both 
directions.  On  the  east  the  surface  attains  an  elevation  of  about 
1,000  feet  above  the  valley,  and  on  the  west  the  slopes  rise  steeply  to 
the  same  elevation  and  then  more  gradually  to  the  crest  of  the  divide 
between  Pleasant  Vafley  and  Huntington  Canyon.  The  altitude  of 
this  divide  opposite  Clear  Creek  is  nearly  1,500  feet  above  the  level 
of  the  valley  and  about  10,000  feet  above  the  sea. 

In  this  district,  as  well  as  throughout  the  coal  field  generally,  the 
steeper  and  more  barren  slopes  almost  invariably  are  those  that  face 
toward  the  south  and  east.  The  prevailing  winds  are  westerly,  and 
the  surfaces  that  face  toward  the  west  and  north  receive  heavy  falls 
of  rain  and  snow.  The  surfaces  that  face  southward  receive  the  sun's 
rays  more  directly  and  consequently  they  are  the  more  arid  and  are 
only  slightly  protected  by  soil  and  vegetation,  forming  in  many 
places  impassable  cliffs  hundreds  of  feet  in  height. 

STRATIGRAPHY. 

The  coal  beds  of  the  Pleasant  Vallev  district  occur  in  a  formation 
or  group  of  strata  consisting  of  sandstone  and  shale.  The  sandstone 
beds  range  in  composition  from  almost  pure  white  stone  of  moderate 
hardness  to  yellowish  or  brown  argillaceous  or  shaly  sandstone.  Less 
is  known  of  the  composition  and  physical  properties  of  the  shale,  for 
as  a  rule  it  crops  out  on  slopes  and  is  generally  concealed  by  soil  and 
talus.  It  ranges  from  clay  shale  to  various  grades  of  sandy  shale. 
In  the  unweathered  state  these  beds  are  blue  to  black  in  color  and  are 
moderately  soft.  In  proximity  to  the  coal  beds,  usually  immediately 
above,  and  at  some  other  places  where  coal  does  not  occur,  the  shale 
is  carbonaceous.  Except  where  active  erosion  is  going  on  there  is 
everywhere  a  mantle  of  clay  and  partially  decomposed  strata. 

In  the  group  of  strata  that  contains  the  coal  beds  the  volume  of 
sandstone  and  shale  is  approximately  equal,  and  the  individual  beds 
of  each  range  from  thin  layers  to  strata  that  are  as  much  as  100  feet 
thick.     Just  below  the  coal  bed  that  is  mined  at  Castlegate,  in  the 
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lower  part  of  the  coal-bearing  strata,  there  is  a  sandstone  nearly  100 
feet  thick.  The  upper  part  is  massive  and  light  colored,  but  50  to  80 
feet  below  the  top  the  bedding  is  more  distinct,  and  farther  down  it 
grades  into  shaly  sandstone,  which  is  followed  below  by  shale.  A 
similar  sandstone  Ues  150  to  180  feet  below  the  Castlegate  coal  hori- 
zon. The  upper  part  is  massive  and  white  to  buff  colored.  From 
the  middle  downward  the  sandstone  becomes  more  argillaceous  and 
distinctly  stratified,  grading  down  to  shaly  sandstone. 

The  coal-bearing  strata,  600  to  800  feet  thick,  are  overlain  by 
light-buff  sandstone  that  contains  only  here  and  there  a  stratum  of 
shale.  This  sandstone  is  several  hundred  feet  thick.  It  makes  im- 
posing chffs  above  the  town  of  Castlegate,  in  the  Price  River  canyon, 
and  at  many  places  elsewhere  in  the  upper  part  of  the  Book  Cliffs 
and  Wasatch  Plateau  e^scarpments.  Still  higher  stratigrapliically, 
sandstone  and  shale  beds  succeed  each  other  imtil  the  whole  group 
attains  a  thickness  of  nearly  2,000  feet. 

This  group  of  sandstone  and  shale  beds,  including  the  coals,  has  been 
correlated  with  the  Mesaverde  formation  of  the  Cretaceous.  Fossils 
are  not  abundant  and  collections  have  not  been  obtained  from  the 
basal  member  of  the  sandstone  and  shale  group. 

No  unconformity  is  apparent  in  the  Mesaverde  except  in  places 
where  it  is  overlain  by  Eocene  rocks. 

Lying  below  the  sandstones,  shales,  and  coals,  which  are  of  Mesa- 
verde age,  is  a  great  formation  of  blue  clay  shale  or  marl  that  con- 
tains large  lenticular  bodies  of  sandstone  in  the  upper  part.  This 
shale  makes  the  lower  parts  of  the  Book  Cliffs  and  Wasatch  Plateau 
escarpments  and  the  broad,  rolling  plain  of  Castle  Valley  and  Price 
River.  Near  the  base  of  the  cliffs  and  for  several  miles  out  into 
the  plain  this  shale  has  in  recent  geologic  time  been  covered  by  an 
overwash  of  bowlders,  gravel,  and  sand  from  the  plateau.  This 
bowlder  and  gravel  mantle  was  spread  upon  gently  inclined  surfaces 
and  has  been  cut  through  to  depths  of  100  to  200  feet  by  more  recent 
erosion,  producing  rough  badlands  surfaces. 

The  thickness  of  this  shale  is  estimated  to  be  not  less  than  1,500 
feet  in  the  Castle  Valley  region.  The  formation  is  tilted  at  a  low 
angle  toward  the  Book  Cliffs  and  Wasatch  Plateau  and  the  outcrop 
is  15  to  18  miles  in  width.  It  includes  the  whole  of  the  Colorado  group 
and  part  of  the  Montana  group  and  is  correlated  with  the  Mancos 
shale  of  southwestern  Colorado. 

The  surface  features  of  the  plain  above  mentioned  have  an  eco- 
nomic bearing  on  the  availability  of  the  coal.  The  valleys  and 
gulches  in  the  shale  extend  out  from  the  coal  areas  across  the  edge 
of  the  plain,  so  that  it  is  impracticable  to  build  transportation  Unes 
parallel  with  the  boundaries  of  the  field  within  several  miles  of  the 
coal  land.     It  wiU  be  necessary,  therefore,  to  build  branch  lines  up  to 
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the  coal  land  from  Price  River  or  Castle  Valley,  as  has  been  done 
from  Momids,  on  the  main  line  of  the  Rio  Grande  Western  Railway, 
to  the  Sunnyside  mines. 

8TRUCTURK. 

The  Pleasant  Valley  district  is  on  the  northwestward-pitching  axis 
of  a  broad,  flat  fold,  the  San  Rafael  Swell.  The  rocks  dip  at  angles 
of  5®  to  7®  toward  the  north  and  northeast  in  the  Book  Cliffs  region, 
east  of  the  Pleasant  Valley  district,  and  at  lower  angles  toward  the 
west  in  the  Wasatch  Plateau.  The  Pleasant  Valley  district,  there- 
fore, is  in  the  angle  between  the  areas  of  northward  and  westward 
dipping  rocks  and  is  a  r^on  of  local  warping  and  low  doming  of  the 
strata.  In  addition  the  strata  are  broken  by  faults  of  the  normal  or 
tension  type.  Many  of  these  faults  were  located  and  measured  in 
the  escarpments  and  canyons.  In  the  plateau  regions  and  in  the 
shale  plain  bounding  the  coal  land  below  there  are  doubtless  many 
other  and  smaller  faults  that  were  not  recognized  because  of  the 
obscure  exposures  of  the  rocks. 

PLEASANT  VALLEY  ANTICLINE. 

In  the  region  of  Pleasant  Valley  near  the  north  end  of  the  Wasatch 
Plateau  the  coal  measures  and  associated  rocks  have  been  folded  into 
a  low  domeUke  uplift  or  anticUne.  The  fold  is  faulted  and  unsym- 
metrical,  and  its  axis  is  not  very  clearly  defined.  It  trends,  however, 
generally  north  and  south  and  crosses  the  west  end  of  Carbon  County, 
its  northern  part  being  coincident  with  Pleasant  Valley.  It  is  inter- 
sected along  its  axis  by  a  large  fault  and  the  variability  of  the  throw 
accounts  in  part  for  the  warping  of  the  fold. 

The  tilt  of  the  rocks  on  the  east  side  of  the  Pleasant  Valley  anti- 
cline is  very  slight,  not  exceeding  1°  to  2®.  In  places  along  the  head 
branches  of  Gordon  Creek,  in  T.  14  S.,  R.  7  E.,  the  rocks  seem  to  be 
horizontal.  On  the  upper  course  of  North  Fork  of  Grordon  Creek,  in 
T.  13  S.,  Rs.  7  and  8  E.,  the  dip  is  1^  to  2^  E.  On  the  west  limb  of 
the  fold  near  Scofield  the  dip  is  about  3®  NW.  From  Scofield  south- 
ward the  direction  of  dip  changes  gradually  from  northwest  to  west 
and  then  to  southwest.  Between  the  head  of  Pleasant  Valley  and 
Huntington  Canyon  the  rocks  are  inclined  toward  the  southwest  at 
an  angle  averaging  nesCrly  4°. 

The  rocks  in  Huntington  Canyon  area  slope  toward  the  south. 
The  dip  decreases  gradually  down  the  canyon  until  at  the  mouth,  in 
T.  17  S.,  the  beds  become  almost  horizontal.  The  outcrop  of  the 
coal-bearing  rocks  is  at  the  level  of  the  canyon  floor  in  the  eastern 
part  of  T.  14  S.,  R.  6  E.  The  grade  of  the  river  southward  is  but 
little  greater  than  the  dip  of  the  rocks.  West  of  the  Pleasant  Valley 
fault,  in  T.  16  S.,  R.  7  E.,  the  lowest  coal  has  an  elevation  of  nearly 
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400  feet  above  the  river.  Just  east  of  the  fault  the  same  rocks 
have  been  dropped  down  to  about  200  feet  above  the  river.  They 
rise  steplike  in  a  series  of  narrow  fault  blocks  east  of  the  Pleasant 
Valley  fault,  in  the  southeastern  part  of  T.  16  S.,  R.  7  E. 

The  lowest  coal  bed  is  probably  not  less  than  800  feet  above  the 
river  at  the  mouth  of  the  canyon  and  above  Castle  Valley  between 
Huntington  and  Cottonwood  canyons,  at  the  south  end  of  the  area 
shown  on  the  map. 

FAULTS. 

The  rocks  of  the  Pleasant  Valley  district  have  been  broken  by 
two  groups  of  normal  faults  of  considerable  displacement.  These 
faults  trend  in  a  general  north-south  direction.  One  group  extends 
longitudinally  through  Pleasant  Valley  and  southward  across  Hunt- 
ington Canyon.  It  follows  in  a  measure  the  axial  trend  of  the  Pleasant 
Valley  anticline  and  may  be  described  as  the  Pleasant  Valley  fault 
group.  The  other  group  of  faults  corresponds  to  the  walls  of  Joes 
Valley,  in  the  southwestern  part  of  the  district,  and  will  be  known  as 
the  Joes  Valley  faults. 

PLEASANT  VALLEY  FAULTS. 

The  principal  fault  of  the  Pleasant  Valley  group  is  the  western- 
most one.  It  follows  the  west  side  of  the  valley  in  an  almost  due 
south  course,  crossing  the  foothills  and  spurs  near  the  stream  and 
passing  through  the  west  sides  of  Scofield  and  Clear  Creek.  North 
of  Scofield  it  lies  in  a  swampy  valley  and  is  not  traceable.  Whether 
there  is  a  series  of  fractures  or  a  single  fault  is  not  determinable. 
The  amount  of  throw  or  displacement  is  seen  by  the  discordance  in 
elevation  of  the  same  rock  beds  in  opposite  sides  of  the  valley.  Cer- 
tain accumulations  of  metamorphosed  sandstone  in  different  places 
in  the  valley  north  of  Scofield  suggest  that  there  is  more  than  one 
fault.  The  downthrow  of  the  rocks  due  to  this  fault  is  toward  the 
east  and  varies  in  amount  from  place  to  place.  The  greatest  dis- 
placement is  near  the  center  of  the  Pleasant  Valley  uplift. 

Near  the  head  of  the  valley  opposite  Clear  Creek  the  throw  is 
nearly  1,000  feet.  The  coal  bed  mined  at  the  level  of  the  canyon 
floor  at  Clear  Creek  outcrops  near  the  top  of  the  canyon  wall  1,000 
feet  higher  and  1  to  2  miles  farther  west.  The  outcrop  of  these  beds 
descends  northward  to  a  point  within  a  few  himdred  feet  of  the  valley 
level  west  of  Scofield,  showing  a  decrease  in  throw  of  more  than  500 
feet  in  a  distance  of  6  miles.  At  the  same  rate  of  decrease  the  fault 
would  almost  disappear  at  the  north  end  of  the  Pleasant  Valley 
district. 

From  the  head  of  Pleasant  Valley  the  fault  veers  slightly  east  of 
south,  but  it  has  not  been  located  in  the  imsurveyed  part  of  T.  14  S., 
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R.  7  E.  The  fault  crosses  Nuc  Woodward  Canyon  in  the  north- 
central  part  of  T.  15  S.,  R.  7  E.,  where  it  is  distinctly  traceable.  The 
plane  of  fracture  is  almost  vertical,  but  hades  to  the  east,  and  the 
downthrow  is  in  the  same  direction  and  amounts  to  500  feet.  The 
lowest  coal  bed,  which  outcrops  high  in  the  canyon  wall  on  the  west, 
is  down  at  the  base  on  the  east  side  of  the  fault.  The  same  fault 
crosses  Tie  Fork  Canyon  at  the  northern  boimdary  and  Huntington 
Canyon  near  the  center  of  T.  16  S.,  R.  7  E. 

On  Tie  Fork  the  hade  of  the  fault  is  almost  vertical,  and  the  down- 
throw on  the  east  is  350  to  400  feet.  In  Nuc  Woodward  and  Tie 
canyons  the  fault  bears  about  S.  5°  E.,  but  south  of  Tie  Fork  it 
curves  westward,  crossing  Huntington  Canyon  with  a  bearing  S.  5°  W. 
The  downthrow  here  and  in  North  Fork  of  Meetinghouse  Canyon  is 
nearly  300  feet  to  the  east.  In  South  Fork  of  Meetinghouse  Canyon, 
however,  the  throw  is  little  more  than  100  feet.  Farther  south,  at 
some  point  in  T.  17  S.,  R.  7  E.,  the  fault  dies  out.  The  accurate 
location  of  this  fault  in  the  high  land  between  Pleasant  Valley  and 
Huntington  Canyon  is  important,  as  it  has  a  decided  bearing  on  the 
question  of  minable  coal  lands. 

The  other  faults  of  the  Pleasant  Valley  group  are  shorter  and  the 
vertical  displacements  are  less.  At  present  they  are  known  in  two 
localities.  Pleasant  Valley  and  Huntington  Canyon.  In  Pleasant 
Valley  faults  of  small  extent  occur  in  the  vicinity  of  the  Clear  Creek 
and  Winterquarters  mines.  One  is  nearly  half  a  mile  east  of  Clear 
Creek  and  trends  slightly  west  of  south.  The  direction  and  amount 
of  throw  was  not  determined.  The  throw  is  certainly  not  very  great, 
or  else  there  are  other  faults  on  the  east  and  near  at  hand  with  oppo- 
site and  compensating  displacement.  The  outcrops  of  the  coal  at 
Clear  Creek  and  on  the  headwaters  of  Gordon  Creek  to  the  east  are 
at  nearly  the  same  level.  Local  faults  are  present  south  of  Winter- 
quarters,  but  they  trend  in  an  east-west  direction  and  the  displace- 
ments are  less  than  100  feet.  Other  faults  of  minor  extent  and  throw 
probably  occur  in  the  vicinity  of  Pleasant  Valley  and  at  other  places 
in  the  higher  parts  of  the  district  and  have  escaped  detection  because 
of  the  soil  cover  and  smooth  surface  features. 

A  number  of  faults  cross  Huntington  Canyon  within  2  miles  east 
of  the  Pleasant  Valley  fault  and  nearly  parallel  to  it.  Their  locations 
are  indicated  on  the  map  (PI.  XX,  p.  338).  They  vary  in  throw  from 
a  few  feet  to  nearly  250  feet,  and  in  all  of  them  the  downthrow  is 
toward  the  west.  The  total  downthrow  of  these  faults  almost 
exactly  compensates  for  the  eastward  downthrow  of  the  Pleasant 
Valley  fault.  The  minor  faults  almcnst  surely  do  not  extend  more 
than  12  miles  either  northward  or  southward,  for  they  are  not  visible 
in  the  escarpments  along  Gordon  Creek  on  the  north  and  Cottonwood 
Creek  on  the  south.  As  usual,  the  planes  of  faulting  are  nearly 
vertical   or   sUghtly   inclined    toward   the   downthrow.     The   fault 


PLEASANT   VALLEY   COAL   DISTRICT,   UTAH.  345 

nearest  the  Pleasant  Valley  fault  in  Tie  Canyon  has  a  downthrow  to 
the  west  of  100  to  150  feet;  the  other,  near  the  east  line  of  sec.  3,  has 
a  downthrow  to  the  west  of  200  to  250  feet.  These  two  faults  have 
a  combined  displacement  approximately  equal  to  all  those  showing 
in  Huntington  Canyon  east  of  the  Pleasant  Valley  fault.  Where  the 
faulting  is  less  pronounced  the  rocks  on  either  side  are,  as  a  rule,  dis- 
tinctly jointed  in  planes  parallel  to  the  fault  line.  It  appears  that  the 
faults  die  out  in  a  series  of  joints,  some  of  which  are  miniature  faults. 
Away  from  the  faults  and  even  near  the  larger  ones  the  jointing  of 
the  rocks  is  not  pronounced. 

JOES   VALLEY   FAULTS. 

T^ss  is  known  of  the  faults  in  the  Joes  Valley  region  than  of  those 
in  Pleasant  Valley.  They  are  farther  back  on  the  plateau,  where  rock 
exposures  are  less  distinct  and  where  minor  faults  are  not  easily 
detected. 

A  group  of  these  faults,  one  of  which  has  a  pronounced  displace- 
ment, bears  a  few  degrees  west  of  south  through  the  western  part  of 
the  area  represented  by  the  map.  The  easternmost  one  has  been 
precisely  located  in  Huntington  Canyon  in  sec.  14,  T.  14  S.,  R.  6  E.; 
in  West  Fork  of  Huntington  Canyon,  sec.  11,  T.  15  S.,  R.  6  E.;  in 
Joes  Valley,  sec.  22,  T.  16  S.,  R.  6  E. ;  and  in  sec.  32,  T.  17  S.,  R.  6  E. 
Between  these  localities  the  fault  was  located  approximately  by 
reconnaissance.  South  of  Huntington  Canyon  the  fault  is  distinctly 
marked  by  a  well-defined  scarp  several  hundred  feet  high,  which 
faces  toward  the  west.  This  fault  scarp  is  especially  prominent 
along  the  east  side  of  Joes  Valley,  across  Tps.  16  and  17  S.,  R.  6.  E., 
and  farther  south.  The  downthrow  of  the  fault  is  toward  the  west 
and  amounts  to  probably  not  less  than  1,000  feet. 

The  west  side  of  Joes  Valley  near  the  border  of  the  area  mapped  is 
bounded  by  a  bluff  closely  resembling  the  fault  scarp  on  the  east  side. 
The  horizontal  rocks  exposed  here  also  appear  to  be  the  same  as  the 
Mesaverde  beds  that  occur  on  the  east  side  of  the  Joes  Valley  fault. 
If  this  interpretation  is  correct  there  is  a  fault  on  the  west  side  of  the 
valley,  the  downthrow  of  which  is  toward  the  east  and  amounts  to 
nearly  the  same  as  the  displacement  of  the  fault  on  the  east  side. 
At  the  southern  boundary  of  T.  17  S.,  R.  6  E.,  the  stream  draining 
Joes  Valley  turns  abruptly  eastward  and  enters  the  deep  and  narrow 
gorge  called  Straight  Canyon.  Notwithstanding  this  change  of  the 
stream  course,  the  broad  flat  valley  with  the  fault  scarps  on  either 
side  continues  toward  the  south,  in  line  with  Joes  Valley,  across  the 
divide  to  Ferron  Canyon,  where  both  faults  are  distinctly  shown. 
The  downthrown  fault  block  is  here  2  miles  in  width.  The  throw  of 
the  eastern  fault  is  300  feet;  that  of  the  western  is  probably  three 
times  as  great. 
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Ferron  Canyon  is  a  deep  gorge  and  the  coal  is  exposed  in  its  walls 
west  of  the  fault  block.  It  is  probable  also  that  the  coal  is  available 
by  shaft  in  Straight  Canyon  west  of  the  fault  p.nd  near  the  southwest 
comer  of  T.  17  S.,  R.  6  E.  In  general  the  coal  within  and  west  of  the 
fault  block  is  probably  not  available  except  in  the  deeper  valleys. 

FAULTS  EAST  OF  PLEASANT  VALLEY. 

Near  the  headwaters  of  North  Fork  of  Gordon  Creek,  in  the  Book 
Cliffs  escarpment,  there  are  a  number  of  small  faults  which  vary  in 
trend  from  nearly  north  and  south  to  northwest  and  southeast. 
Two  of  these  faults  that  bear  a  few  degrees  east  of  north  are  located 
near  the  head  of  Spring  Canyon,  in  sec.  10,  T.  13  S.,  R.  8  E.  The 
downthrow  of  each  is  toward  the  other,  and  the  displacement  of  the 
easterly  fault  is  150  to  200  feet.  The  throw  of  the  other  is  not  so 
easily  determinable,  but  it  seems  to  be  somewhat  less.  These  faults 
are  traceable  northward  into  the  SE.  J  sec.  3.  Two  faults,  corre- 
sponding in  strike  and  in  direction  of  throw  to  those  just  described, 
were  noted  at  the  crest  of  the  ridge  in  the  N.  J  sec.  15.  Thence  they 
bear  a  few  degrees  east  "of  south.  The  block  between  the  faults  is 
thrown  down  about  100  feet. 

A  fault  bearing  nearly  due  north  and  having  a  throw  of  150  feet 
toward  the  west  crosses  the  outcrop  of  the  coal-bearing  rocks  in  the 
E.  i  sec.  16.  Another  was  noted  in  the  NE.  J  sec.  16  and  the 
SW.  J  sec.  9.  This  bears  N.  12°  W.,  and  the  throw  is  small  toward 
the  east.  ^ 

Two  faults  were  located  in  the  gulch  near  the  southeast  comer  of 
sec.  16.  The  one  with  more  northerly  bearing  has  a  displacement 
of  50  feet  in  the  NW.  J  sec.  21.  Farther  north,  near  the  west  line 
of  sec.  16,  it  changes  to  a  monoclinal  fold.  The  other  fault  bears 
N.  65°  W.  and  has  a  downthrow  of  20  feet  to  the  southwest.  Another 
fault  crosses  the  NE.  J  sec.  20,  bearing  N.  50°  W.  with  a  downthrow 
of  50  ieet  to  the  southwest.  Another,  with  nearly  the  same  bearing, 
crosses  the  canyon  near  the  center  of  the  NE.  \  sec.  19,  with  a  throw 
to  the  northeast  of  75  feet.  Another  fault,  bearing  due  north,  crosses 
the  same  canyon  near  the  west  line  of  se<*-.  19.  Its  downthrow  is  50 
feet  toward  tlie  west.  Two  other  small  faults  were  noted  in  the 
unsurveyed  part  of  T.  13  S.,  R.  7  E.,  near  the  head  of  North  Fork 
of  Gordon  Creek.  The  do\^Tithrow  of  each  is  toward  the  other 
and  ranges  from  30  to  50  feet,  resulting  in  a  narrow  downthrown 
block. 

All  these  faults  are  of  the  normal  ty|)e,  and  the  planes  of  fracture 
are  nearly  vertical  where  exposures  permit  examination.  The 
smaller  faults  can  not  be  traced,  except  where  erosion  has  exposed 
the  edges  of  the  rock  beds. 
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COAIi. 

Coal  has  been  prospected  and  mined  at  three  localities  in  the 
Pleasant  Valley  district.  These  are  in  or  near  Pleasant  Valley,  in 
or  near  the  Price  River  canyon  in  the  vicinity  of  Castlegate,  and  in 
or  near  Huntington  Canyon,  in  the  northwestern,  northeastern,  and 
southern  parts  of  the  district,  respectively.  They  could  be  eaakiy 
reached  by  lines  of  transportation,  and  in  the  near  future  railroads 
may  be  constructed  to  them. 

PLEASANT  VALLEY. 

Prospecting  for  coal  in  Pleasant  Valley  has  not  been  thorough  or 
extensive,  except  in  the  vicinity  of  the  Clear  Creek,  Winterquarters, 
and  Scofield  mines.  The  outcrop  of  the  coal-bearing  rocks  extends 
not  only  from  Clear  Creek,  near  the  head  of  Pleasant  Valley,  to  Sco- 
field, but  through  the  borders  of  the  valley  down  West  Fork  of  Price 
River  almost  to  the  east  border  of  T.  12  S.,  R.  7  E.  Along  the  east 
side  of  the  valley  the  coal  outcrops  near  the  level  of  the  streams  from 
the  mines  at  Clear  Creek  northward  to  Scofield.  Its  presence  is 
attested  by  a  number  of  prospects  along  the  outcrop  and  by  the 
mines  at  Clear  Creek  and  Scofield.  The  pitch  of  the  coal  toward  the 
north  is  but  little  greater  than  the  grade  of  the  valley,  and  continues 
at  approximately  the  same  angle  down  the  east  side  of  the  valley 
through  T.  12  S.,  R.  7  E.  The  same  coal-bearing  beds  outcrop  at 
higher  elevations  on  the  west  side  of  Pleasant  Valley  from  its  head, 
in  T.  14  S.,  R.  7  E.,  to  Fish  Creek,  in  T.  12  S.,  R.  7  E.  The  diflFerence 
in  elevation  of  the  coal  on  opposite  sides  of  the  valley  is  caused  by 
the  fault  that  trends  with  the  valley,  following  the  west  side  of  the 
stream.  Opposite  Clear  Creek  the  coals  on  the  west  side  are  nearly 
a  thousand  feet  above  the  valley  floor.  The  northward  inclination 
of  the  coal  beds  is  greater  on  the  west  than  on  the  east  side  of  the 
valley.  In  sees.  30  and  31,  T.  12  S.,  R.  7  E.,  the  lowest  coal  bed 
mined  is  scarcely  200  feet  above  the  plain  of  Pleasant  Valley.  Near 
the  northeast  comer  of  sec.  19,  T.  12  S.,  R.  7  E.,  the  same  beds  descend 
to  the  valley  floor  and  toward  the  north  pass  beneath  the  surface. 
The  presence  of  coal  on  the  west  side  of  the  valley  is  attested  by 
many  prospects  and  the  Winterquarters  mine,  as  well  as  by  certain 
prominent  and  characteristic  sandstone  beds  that  are  associated 
with  the  beds  of  coal.  These  sandstone  beds  are  not  exposed  con- 
tinuously, but  they  can  be  seen  here  and  there,  and  the  coal  beds 
lie  in  definite  positions  with  respect  to  them.  Coal-bearing  rocks 
corresponding  to  those  at  Clear  Creek  occur  also  on  the  east  side  of 
the  divide  in  slopes  leading  to  Castle  Valley,  a  few  miles  east  of  Clear 
Creek,  and  on  the  west  in  Huntington  Canyon,  in  the  northeastern 
part  of  T.  14  S.,  R.  6  E. 
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At  least  four  coal  beds  of  workable  thickness  and  of  commercial 
quality  are  known  in  Pleasant  Valley,  and  they  occur  in  succession 
one  above  another  through  about  600  feet  of  rocks.  These  coal 
beds  may  be  separated  into  two  groups.  The  first  comprises  two 
beds,  in  places  three,  that  Ue  in  the  lower  part  of  the  coal-bearing 
section.  These  are  the  thickest  and  most  accessible  beds,  and  in 
consequence  are  the  ones  most  extensively  developed.  They  are 
mined  at  Clear  Creek  and  Winterquarters  and  have  been  mined  at 
Scofield.  Coal  beds  in  the  same  group  have  been  prospected  on  the 
west  side  of  the  valley  opposite  Clear  Creek,  between  Clear  Creek 
and  Scofield,  and  north  of  Winterquarters,  in  sees.  19,  30,  and  31, 
T.  12  S.,  R.  7  E. 

The  coal  that  is  mined  at  Clear  Creek  crops  out  at  the  base  of  the 
valley  near  the  center  of  the  W.  J  sec.  33,  T.  13  S.,  R.  7  E.  It  has 
been  mined  eastward  into  the  mountain  a  distance  of  nearly  one- 
half  mile  and  in  a  north-south  direction  for  more  than  7,000  feet. 
The  coal  bed  varies  in  thickness  from  north  to  south.  In  the  south- 
em  part  of  the  mine  it  is  13  feet  5  inches  thick.  Near  the  center  of 
the  workings  a  thin  shale  parting  enters  the  coal.  Toward  the 
north,  within  a  distance  of  2,000  feet,  the  shale  swells  to  16  feet, 
dividing  the  coal  bed  into  two  benches.  Where  the  shale  is  thick, 
only  the  upper  bench  of  4  feet  6  inches  of  coal  is  worked. 

A  coal  bed  at  the  same  geologic  horizon  as  that  mined  at  Clear 
Creek  and  iEinother  bed  100  feet  higher  have  been  prospected  in  not 
less  than  fifteen  localities  in  sec.  31,  T.  13  S.,  R.  7  E.  In  most  places 
the  earth  has  fallen  into  the  pits,  partially  concealing  the  coal.  In 
the  SW.  i  NE.  J  sec.  31  a  prospect  on  the  lower  bed  shows  11  feet 
of  coal,  the  base  and  the  top  being  concealed.  In  the  SE.  J  NW.  J 
sec.  31,  6  to  8  feet  of  coal  are  exposed.  Water  in  the  pit  prevented 
further  examination  of  the  bed.  A  prospect  on  the  second  bed  100 
feet  above  the  first,  located  in  the  SW.  \  NW.  J  sec.  31,  exposes  15 
feet  of  coal.  The  same  bed  has  been  exposed  in  the  NE.  J  SW.  J 
sec.  31,  showing  17  feet  of  massive  coal.  In  the  south  half  of  the 
same  section  two  coal  beds  25  feet  apart  have  been  prospected.  A 
partial  exposure  of  one  shows  5  feet  and  of  the  other  10  feet  of  clean 
coal. 

Near  the  center  of  the  east  side  of  T.  13  S.,  R.  6  E.,  the  bed  that  is 
mined  at  Winterquarters  and  Clear  Creek,  or  one  near  the  same 
stratigraphic  position,  is  mined,  and  the  coal  is  hauled  to  Scofield. 
The  bed  has  a  clear  section  of  coal  12  feet  thick.  Mining  was  begun 
here  on  the  north  side  of  the  canyon  by  a  slope,  but  this  was  aban- 
doned, and  an  entry  has  been  driven  on  the  rise  of  the  bed  toward 
the  south. 

One  of  the  beds  near  the  base  of  the  coal-bearing  section  has  been 
mined  for  a  number  of  years  at  Winterquarters,  and  this  mine  is  now 
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in  active  operation.  The  workings  are  at  present  toward  the  south 
on  the  rise  of  the  bed.  The  same  bed  has  been  worked  northward 
into  the  N.  J  sec.  31,  T.  12  S.,  R.  7  E.  The  coal  in  the  mine  at 
present  worked  is  9  to  16  feet  thick  and  has  no  partings. 

A  number  of  prospects  have  been  made  and  an  entry  opened 
from  the  Scofield  mine  in  a  gulch  in  the  N.  i  sec.  31,  T.  12  S.,  R.  7  E., 
but  the  coal  bed  is  not  now  exposed.  One  prospect  in  the  SE.  J 
NW.  }  sec.  31  shows  4  feet  9  inches  of  coal  between  beds  of  sandstone. 
In  the  NW.  J  SE.  J  sec.  35  the  coal  is  5  feet  10  inches  clear. 

One  of  the  lower  workable  beds  was  formerly  mined  at  the  south- 
east side  of  Scofield  by  the  Union  Pacific  Company,  but  the  plant  is 
abandoned  and  in  charge  of  a  keeper.  The  bed  is  reported  to  be 
about  30  feet  thick,  but  the  middle  portion  only  was  worked,  because 
of  the  great  thickness  and  for  the  reason  that  coal  forms  a  better 
roof  and  floor  than  the  country  rocks.  South  of  the  main  entry  of 
the  old  working  a  cave-in  has  occurred  in  a  small  gulch,  exposing 
two  overlying  workable  beds.  The  upper  of  these  beds  is  9  feet 
thick,  the  lower  is  5  feet  3  inches,  and  the  two  are  separated  by  5 
feet  of  shale  and  thin  sandstone  beds.  The  proximity  of  these  coal 
beds  to  the  lower  and  thicker  one  that  has  been  mined  will  depre- 
ciate their  value  unless  the  higher  beds  are  mined  first,  which  is  not 
likely  to  occur. 

One,  probably  two,  workable  coal  beds  occur  above  the  coal 
that  has  been  mined  at  Clear  Creek,  Winterquarters,  and  Scofield. 
The  first  of  these  is  nearly  200  feet  above  the  Clear  Creek  bed,  and 
it  has  been  opened  in  two  prospects  one-fourth  to  one-half  mile 
southeast  of  Clear  Creek.  The  coal  in  the  southern  of  these  pros- 
pects is  exposed  for  5  feet  3  inches  in  a  shallow  pit.  The  relations 
of  the  contact  rocks  are  not  clear  on  account  of  the  deep  covering  of 
soil.     The  indications  are  that  the  coal  is  of  fair  quaUty. 

Another  coal  bed,  estimated  to  be  500  feet  above  the  Winterquar- 
ters bed,  has  been  prospected  at  a  number  of  places  in  sees.  10,  11, 
13,  and  14,  T.  12  S.,  R.  7  E.,  near  the  railroad  in  Pleasant  Valley 
Canyon.  This  bed,  as  shown  in  prospect  pits  in  sees.  10,  11,  and  13, 
ranges  in  thickness  between  3  feet  6  inches  and  3  feet  7  inches.  The 
roof  is  usually  shale  and  the  floor  sandstone.  Locally  the  shale 
thins  out  and  sandstone  comes  into  contact  with  the  coal.  The  bed 
has  been  mined  in  sec.  14,  but  the  entry  is  now  closed  by  fallen 
earth.  The  coal  is  clear  and  mines  in  small  blocks,  with  the  produc- 
tion of  considerable  slack. 

What  app>ears  to  be  the  same  bed  is  being  mined  by  Mr.  Metcalf 
on  imsurvey^d  land  in  the  northeastern  part  of  T.  12  S.,  R.  6  E., 
near  the  location  of  sec.  2,  in  the  canyon  of  North  Fork  of  Fish 
Creek.  The  coal  has  the  same  thickness  and  similar  contact  rela- 
tions as  the  bed  in  the  prospects  in  Pleasant  Valley  Canyon.     This 
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coal  is  regarded  as  a  good  fuel  and  is  utilized  in  the  neighborhood 
and  hauled  to  Utah  County  for  domestic  use. 

A  coal  lying  at  nearly  the  same  stratigraphic  position,  if  it  is  not 
the  same  bed  as  the  Clear  Creek  coal,  has  been  mined  at  intervals 
for  a  number  of  years  in  Huntington  Canyon  4  miles  southwest  of 
Clear  Creek  and  hauled  into  Sanpete  County  for  domestic  use.  A 
number  of  entries  have  been  run  eastward  from  the  outcrop  of  the 
coal  on  the  east  side  of  the  gulch  and  abandoned  for  new  entries 
when  it  became  more  economical  to  work  nearer  the  surface.  •  The 
miners  report  that  the  coal  is  clear  of  shale  and  that  the  thickness 
ranges  from  9  to  11  feet.  The  same  coal  bed  or  one  near  the  same 
geologic  position  is  being  mined  for  local  use  by  the  Larsen  Brothers 
on  West  Fork  of  Huntington  Canyon,  in  sec.  2,  T.  15  S.,  R.  6  E. 
The  coal  is  8  feet  thick  and  lies  between  beds  of  sandstone. 

PRICE  RIVER. 

Thick  sandstone  beds  crop  out  just  below  and  in  association  with 
the  principal  coal  beds  in  the  Price  River  canyon  below  Castlegate, 
as  elsewhere  in  the  Book  Cliffs  region.  These  beds  form  almost  con- 
tinuous cUffs  and  the  outcrops  of  the  coal  beds  can  be  traced  accurately 
by  reference  to  them.  The  principal  coal  beds  lie  almost  directly  upon 
certain  thick  sandstones  that  have  characteristically  light-buff  layers 
or  borders  at  the  top.  These  peculiar  features  are  known  to  the 
prospectors  and  are  guides  to  the  most  economical  prospecting  of 
the  coal. 

Extensive  prospecting  has  been  done  on  the  coals,  chiefly  in  the 
lower  part  of  the  coal-bearing  rocks,  in  T.  13  S.,  Rs.  9  and  10  E.,  and 
mining  is  actively  carried  on  at  Castlegate.  Some  prospecting  has 
been  done  on  North  Fork  of  Gordon  Creek  in  T.  13  S.,  R.  8  E. 

In  Helper  Canyon,  east  of  Price  River,  four  workable  beds  are 
opened  in  prospect  pits.  The  section  including  these  coals  is  as 
follows : 

Section  of  coal  beds  in  Helper  Canyon. 

Shale.  Ft.     in. 

Coal,  with  thin  bony  layer  1  foot  6  inrhes  below  top. 4 

Shale  and  thin  sandstone. .  ^ 

Shale r 

Coal 7 

Sandstone.  .\  ,  ^ 

Shale } ^^ 

Coal,  with  bony  shale  2  to  3  inches  at  center 5    10 

Shale  and  shaly  sandstone.  .^  ,„ 

Shale } -*" 

Coal,  with  thin  shale  parting  near  center 10-1 1 

Shale 12 

Coal 1 

Sandstone 80-100 
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The  three  lowest  coal  beds  are  exposed  on  the  west  side  of  Bull 
Canyon  in  sec.  16,  T.  i:^  S.,  R.  10  E. 

Section  of  coal  beds  in  Bull  Canyon. 

Shale,  weathortHl.  Ft.    in. 

Coal,  (l(»c()mpose<l 3 

C(»al 10 

Shalo 1 

Coal 2    4 

Sandntone,  iiiawive 60 

Coal 8 

Shalo  and  thin  Kandstone 50  * 

Coal 18 

Sandstone,  massive , 80 

232    4 

The  lowest  coal,  18  feet  thick,  has  no  shale  parting.  This  bed  is 
20  feet  clear  in  sec.  10,  in  Cordingly  Canyon,  where  it  is  mined  and 
hauled  to  Price  for  domestic  fuel.  Its  quality  for  this  purpose  is 
reported  excellent. 

The  lowest  workable  bed  has  been  prospected  at  a  number  of 
places  on  the  west  side  of  Helper  Canyon  and  in  Panther  Canyon,  in 
sees.  7  and  8,  T.  13  S.,  R.  10  E.  In  the  SE.  }  sec.  7  the  bed  is  9  feet 
thick  and  clear  of  shale.  In  the  NE.  }  sec.  7  it  is  10  feet  8  inches 
thick  and  of  equally  good  quality. 

The  lowest  workable  bed  thus  far  noted  in  this  vicinity  is  mined  at 
Castlegate.  The  mine  extends  southwestward  on  the  rise  of  the  coal 
bed  from  Price  Canyon.  The  bed  is  somewhat  variable  in  thickness, 
increasing  toward  the  south  from  about  4  to  10  feet.  Sandstone  is 
usually  in  contact  with  the  coal  both  above  and  below,  but  locally 
shale  lies  between  the  sandstone  and  coal. 

West  of  the  Price  River  canyon  one,  in  places  two,  workable  coal 
beds  come  in  below  the  Castlegate  coal  and  below  the  lowest  known 
coal  east  of  Price  River.  The  following  is  a  section  of  the  coal  and 
associated  rocks  in  sec^.  3  and  10,  T.  13  S.,  R.  9  E.  The  thicknesses 
of  rock  between  the  coal  beds  were  determined  by  barometer  readings 
and  are  only  approximately  correct. 

Section  on  ire^it  side  of  Price  Canyon. 
Sandstone.  Ft.    in. 

Coal 1       8 

Shale 4 

Sandstone  and  shale (JO 

(V)al 2 

Interval 20 

Shah*  and  thin  eoal 4 

Coal "o 

Shale  and  bony  coah 

Sandstone  and  shale  > 80 

Shale I 

9411— Bull.  316—07 23 
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Ft.    in. 

CVjal 3      3 

Sandntono  and  nhalt^ 15 

Shale 1      6 

(Vml  (Ctuiili'gSLiv) 5     10 

SandHtonc,  mawive,  grayling  downwanl  inU»  nhalo 100 

»Sl<»p<»,  rhiefly  nhalo 75 

Coal (i 

SandHton(>,  lower  part  Hhaly 200 

583      3 

Tho  following  section  of  the  lower  coal  beds  and  intervening  rocks 
was  notcKi  in  a  gulch  leading  to  Spring  Canyon  in  sec.  9,  T.  13  S., 
R.  9  E. 

Section  in  Sprituj  ( 'anyon. 

8hal<*.  Ft.  in. 

Coal  ( ( 'aHthigat<* ),  part  <*x|K)hi»<1 9    4 

Con(H»alfd 1 

Sandstono,  ina«Hive,  al>out 100 

Sand8ton(*  and  nhalo,  slope 33 

8andHton(^ 40 

Shale 2 

Coal 5 

Shale  and  thin  Handstone 16 

Shale,  bituininoiiH,  ami  thin  coal 9 

Cbal 5 

Sandstone,  inaKsive,  buff.  

220    4 

The  Castlegate  coal,  on  the  north  side  of  Spring  Canyon,  near  the 
center  of  sec.  8,  is  15  feet  thick.  The  coal  is  massive,  has  a  shale  roof, 
and  is  underlain  by  150  feet  of  sandstone. 

The  same  coal  or  a  bed  near  the  same  stratigraphic  position  has 
been  prospected  in  Spring  Canyon  near  the  northeast  comer  of  sec.  12, 
T.  13  S.,  II.  8  E.  Ten  feet  of  massive  coal  in  the  central  part  of  the 
bed  are  exposed.  Decomposed  rock  conceals  the  roof  and  top  of  the 
bed  and  concealed  strata  lie  between  the  coal  and  the  sandstone  cliff 
below. 

The  (.astlegate  coal  is  7  feet  thick  on  North  Fork  of  Gordon  Creek, 
in  the  SW.  \  SW.  }  sec.  16,  T.  13  S.,  R.  8  E.  The  roof  is  shale  and  a 
thin  shale  lies  between  the  coal  and  the  massive  sandstone  below. 

In  the  XE.  \  sec.  20,  of  the  same  township,  two  coal  beds  are 
exposed  175  and  200  feet  below  the  Castlegate  horizon.  The  upper 
of  these  is  6  feet  0  inches  thick  and  has  bonv  lavers  1  inch  thick  2  feet 
below  the  top.  The  other  bed  is  13  feet  thick,  with  a  thin  shale 
parting  3  f(»et  below  the  top. 

One  of  these  beds  is  exposed  in  the  SE.  \  sec.  7,  showing  7  feet  6 
inches  (rf  coal  with  a  1-inch  parting  of  bone  2  feet  below  the  top. 
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The  same  bed  in  the  NE.  J  sec.  19  is  7  feet  tliiek  and  has  the  same 
bony  streak  2  feet  below  the  top. 

The  coal-bearing  rocks  near  the  headwaters  of  Gordon  Creek,  in 
T[)s.  13,  14,  and  15  S.,  R.  7  E.,  and  T.  15  S.,  R.  8  E.,  are  not  well 
exposed,  and  little  or  no  prospecting  has  been  done.  A  coal  bed  at 
or  near  the  horizon  of  the  Castlegate  coal  is  exposed  on  a  spur  at  the 
head  of  Bob  Wright  Canyon  in  unsectioned  land,  6  to  7  feet  of  weath- 
ered coal  being  visible.  The  same  bed  shows  6  to  8  feet  of  coal  in  the 
location  of  the  unsurveyed  XW.  \  SW.  \  sec.  14,  T.  14  S.,  R.  7  E. 
As  usual,  it  occurs  just  above  the  massive  sandstone  and  appears  to 
have  a  shale  roof. 

HUNTINGTON  CANYON. 

From  the  northern  part  of  T.  15  S.,  R.  8  E.,  southward  through 
and  beyond  Huntington  Canyon  the  coal-bearing  rocks  crop  out  in 
barren  cliffs,  as  in  the  Book  Cliffs  region.  In  Miller,  Cedar,  and 
Huntington  canyons  the  coals  are  naturally  exposed  in  many  places, 
and  considerable  prospecting  and  some  mining  has  been  done.  The 
coal  beds  occur  in  the  same  group  of  rocks  as  the  coal  beds  in  the 
vicinity  of  Castlegate.  Whether  or  not  any  bed  is  continuous  from 
one  area  to  the  other  can  not  be  determined  until  mining  or  drilling 
is  done  in  the  intermediate  region.  The  two  lower  beds,  however, 
overlie  the  same  sandstone  formation  as  the  two  lower  beds  on  the 
west  side  of  Price  Canyon,  and  a  higher  bed  occurs  in  the  same  rel- 
ative position  as  the  Castlegate  coal. 

Natural  outcrops  of  the  lower  beds  occur  in  many  places  in  sees. 
21  and  22,  T.  15  S.,  R.  8  E.  The  full  thickness  of  the  beds  is  rarely 
exposed  in  these  natural  outcrops.  The  lowest  bed  in  the  SW.  J 
NE.  }  sec.  21  shows  11  feet  of  clear  coal.  In  the  southeast  quarter 
of  this  section  the  exposure  shows  9  feet  of  coal.  The  bed  is  over- 
lain by  sandstone,  and  light-blue  clay  a  few  feet  thick  usually  occurs 
between  the  coal  and  the  sandstone  cliff  below.  The  same  bed  has 
an  exposure  of  10  feet  in  an  old  prospect  in  the  SW.  }  NW.  J  SE.  } 
sec.  17,  T.  15  S.,  R.  8  E. 

An  old  prospect  on  a  bed  at  the  Castlegate  horizon  a  short  dis-* 
tance  north  of  the  center  of  the  E.  i  sec.  19  shows  6i  feet  of  coal, 
the  bed  being  partially  concealed. 

The  lowest  coal  bed  shows  in  prospects  on  Middle  Fork  of  Miller 
Creek,  in  the  NW.  \  SE.  J  NW.  }  sec.  29.  A  partial  exposure  of  the 
bed  gives  9  feet  of  clear  coal.  The  Castlegate  bed  is  prospected  in 
the  NE.  J  SE.  }  NE.  \  sec.  30,  showing  6  feet  of  coal,  with  a  thin 
parting  of  bone  6  inches  below  the  top. 

The  two  lower  l)eds  have  l)een  mined  for  local  use  in  the  NE.  } 
NW.  i  sec.  32,  T.  15  S.,  R.  8  E.,  the  upper  one  l)eing  5  feet  and  the 
lower  10  feet  0  inches  thick;  both  are  clear  coal.     The  lower  coal 
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and  also  the  coal  at  the  Castlegate  horizon  show  on  the  north  side  of 
Cedar  Canyon,  in  sees.  3  and  9,  T.  16  S.,  R.  8  E.  Only  partial 
sections  of  about  10  feet  each  could  be  seen. 

The  lowest  coal  has  been  mined  for  a  number  of  years  in  Cedar 
Canyon  on  the  line  betwe^^n  sees.  8  and  9  to  supply  domestic  fuel  for 
Huntington.  The  coal  bed  is  about  20  feet  tliick  and  contains  a 
few  very  thin,  variable,  bony  streaks.  The  same  bed  near  the  cen- 
ter of  the  north  side  of  sec.  9  is  12  feet  6  inches  thick.  Shale  and 
shaly  sandstone  overlie  the  coal  on  Cedar  Creek  and  massive  sand- 
stone nearly  100  feet  thick  occurs  immediately  below. 

A  single  natural  outcrop  exposing  6  feet  of  coal  was  noted  in  Fish 
Canyon  near  the  north  side  of  the  NE.  J  SW.  \  sec.  20. 

Much  prospectmg  has  been  done,  chiefly  on  the  lower  coal  beds, 
in  Huntington  Canyon  in  T.  16  S.,  R.  7  E.,  and  in  the  northeastern 
part  of  T.  17  S.,  R.  7  E.  In  Bear  Canyon,  in  the  SE.  }  sec.  24,  T.  16 
S.,  R.  7  E.,  four  workable  beds  of  coal  have  been  opened.  A  section 
of  these  coals  and  associated  rocks  is  as  follows: 

Section  of  coal  in  Bear  Gulch. 

Ft.         in. 
Coal 6  6 

Shale  and  thin  coal,  intt^rstratifiod 6 

Sandstone UO 

Coal I  G 

SandHt^)ne,  whaly  j^andsUinc.  and  Hhalc 150 

Shale 3 

Coal 7 

Sandstone ;J0 

Coal,  variable  in  20()-foot  entry 8        11 

Sandstone,  shaly  at  top 120  * 

Coal 4-5 

Sandstone  cliff 85 


442         11 


Entries  have  been  driven  on  two  coal  beds  near  the  southeast  cor- 
ner of  sec.  24.  The  upper  bed  ranges  from  10  J  to  15  feet  in  thickness 
in  an  entry  300  feet  long.  The  coal  has  a  shale  roof  and  is  separated 
from  the  lower  bed  b}^  50  feet  of  sandstone.  The*lower  coal  bed  is 
6  feet  6  inches  thick  and  is  inclosed  by  sandstone. 

In  Deer  Cre^k  canyon,  in  the  NW.  }  sec.  11,  T.  17  S.,  R.  7  E.,  the 
lowest  coal  is  16  feet  6  inches  thick  wliere  it  has  been  mined  for  local 
use.  A  second  bed  has  been  pr()si)ected  on  the  north  side  of  the 
gulch  and  4  feet  of  coal  is  ex])osed  containing  a  band  of  bone  2  inches 
thick  1  foot  above  the  base.  Botli  these  beds  are  i)rospe<'te.d  in 
South  Fork  of  Meetinghouse  Canyon,  where  4  feet  of  the  lower  bed 
and  10  feet  of  the  upper  are  exi)osed,  divided  4  feet  above  the  base 
by  6  inches  of  shale.     In  North  Fork  of  Meetinghouse  Canyon  the 
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upper  bed  is  U  feet  thick  and  the  6-inch  shale  parting  is  3i  feet 
above  the  base.     The  lower  bed  has  the  following  section: 

Section  of  lower  coal  in  North  Fork  of  Meetinghouse  Canyon. 

Sandstone,  massive.  Ft.  In. 

Shale 2 

Coal 1 

Shale  and  sandstone* 6 

Coal 1     6 

Shale 6 

(3oal 13    6 

Sandstone,  massive  cliff.  

24    6 

Three  coal  beds  are  exposed  in  Ridley  Canyon  near  the  northeast 
corner  of  se^..  2S,  T.  17  S.,  R.  7  E.     The  following  is  the  section: 

Section  of  coal  beds  in  Ridley  Canyon. 

Sandstone.  Feot. 

( -oal,  in  part  burned,  ex|x»sed 8 

SandsUjne 30 

( oal 2 

SandsUme  and  shale 30 

Coal 10 

Sandstone 75 

155 

Two  beds  are  opened  near  the  mouth  of  Trail  Gulch.  The  lower  is 
exposed  between  cliffs  of  sandstone  in  the  NW.  \  SW.  J  sec.  23,  T.  16 
S.,  R.  7  E.,  where  it  is  7  feet  10  inches  thick,  and  in  the  NE.  }  NE.  J 
set*..  22,  where  it  consists  of  6  feet  of  clear  coal.  The  upper  bed,  60 
feet  higher  in  the  section,  is  opened  by  an  entry  200  feet  long  near  the 
center  of  the  east  side  of  sec.  22.  Water  in  the  entry  prevented 
exploration,  but  at  the  opening  the  bed  shows  14  feet  of  coal  from 
the  base  upward.  The  roof  is  concealed  and  decomposed  rock 
covers  the  top  of  the  bed.  The  prospector  who  drove  the  entry 
reports  that  at  100  feet  from  the  outcrop  the  bed  is  16  feet  4  inches 
thick. 

The  same  two  coals  have  been  prospected  extensively  in  Mill  Gulch 
and  on  the  west  side  of  Huntington  Canyon,  in  sees.  16  and  17,  T.  16  S., 
R.  7  E.  The  lower  bed  ranges  in  thickness  from  4  to  6  feet.  An 
intermediate  bed  3  feet  3  inches  thick  was  located  in  the  SE.  J  sec.  16. 
Less  attention  has  been  given  to  prospecting  the  upper  bed  in  this 
locality  and  but  one  full  section  of  the  coal  was  noted.  Near  the 
center  of  the  east  side  of  sec.  17  the  bed  is  partially  burned  near  the 
surface,  but  3  feet  in  the  lower  part  could  be  seen.  In  the  SE.  J 
SW.  }  sec.  16  this  coal  is  14  feet  thick  and  lies  between  beds  of  sand- 
stone. 
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The  same  beds  are  opened  in  Little  Bear  Canyon,  in  the  NW.  } 
sec.  9.  The  upper  bed  is  broken  by  shale  partings,  as  sho^^^l  in 
the  following  section : 

Section  in  Little  Bear  Canyon,  in  tite  NW.  \  sec.  .V,  T.  jr,  S.,  R.  7  K. 

Ft.   in. 
Shale,  bony 3 

Sandstone,  shal v 1 

Coal 2      3 

Shale,  sandy 2     10 

Coal,  and  shale  in  thin  bands 1       G 

Coal,  lower  bench  of  upper  bed (> 

Sandstone  and  vshale  slope,  with  thin  band  of  intermediati? 

coal 50 

Coal,  lower  bed 5 

Sandstone,  massive,  in  cliffs.  

74       7 

A  similar  section  is  exposed  in  Tie  Canyon,  in  the  NW.  }  sex*..  3, 
T.  16  S.,  R.  7  E.,  as  follows: 

Section  in  Tie  Canyon. 

Slope,  rocks  concealed.  Ft.  In. 

Shale,  bone,  and  thin  coal  layers 3 

Coal I     10 

Shale '. 8 

Coal,  lower  bench  of  upper  !)ed 3     10 

Sandstone  and  shah'  beds (JO 

Coal,  lower  bed 7       5 

Sandstone,  in  cliffs.  

70      9 

The  lowest  bed  is  exposed  in  Crandalls  Canyon,  in  the  NW.  J 
sec.  5,  T.  16  S.,  R.  7  E.,  with  a  tliicknciss  of  5  feet  6  inches. 

Little  prosi)e<)ting  has  been  done  in  Huntington  Canyon  in  Tj)s.  14 
and  15  S.,  R.  7  E.  Apparently  the  lowest  coal  commonly  found  in 
this  canyon  in  Tps.  16  and  17  S.,  R.  7  E.,  thins  out  farther  north. 

The  lowest  workable  coal  bed  has  been  mined  intermittently  for 
a  number  of  years  at  the  Johnson  mine,  in  (\)ttonwood  Canyon, 
near  the  center  of  sec.  25,  T.  17  S.,  R.  6  E.  The  thickness  ranges 
from  7  feet  6  inches  to  S  feet  and  the  bed  has  no  parting.  It  is 
overlain  by  shaly  sandstone  and  has  a  massive  sandstone  floor. 

The  same  coal  bed  has  l)oen  worked  for  local  use  at  the  Reed 
mine,  near  the  south  side  of  sec.  22,  and  at  the  Otterson  mine,  near 
the  east  si(l(»  of  sec.  26,  T.  17  S.,  R.  7  E.  At  the  Reed  mine  the 
coal  is  7  feet  6  inches  tliick  and  clear  of  shale.  It  has  a  variable 
but  tliin  bony  shale  roof  and  lies  upon  sandstone.  The  coal  at  the 
Otterson  mine*  is  11  feet  10  inches  thick,  but  contains  a  variable 
thin  shale  parting  near  the  middle.     Shale  and  thin  coal  in  alternate 
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layers  with  a  total  thickness  of  3  feet  8  inches  overlie  the  Otterson 
coal  and  a  thin  bony  shale  lies  between  it  and  the  thick  sandstone 
formation  below. 

QUALITY  OF  COAL. 

In  1905  samples  for  analytical  tests  were  collected  from  the  prin- 
cipal coal  beds  in  this  district  and  in  the  Book  Cliffs  farther  east. 
Proximate  analyses  of  these  samples  were  published  iii  a  brief  report 
on  the  Book  Cliffs  coal  field."  Similar  samples  were  collected  in  the 
Pleasant  Valley  district  during  the  last  summer.  These  samples  were 
obtained  by  cutting  a  channel  across  the  face  of  the  coal  beds,  all 
the  partings  more  than  three-eighths  of  an  inch  thick  being  rejected. 
The  material  thus  obtained  was  crushed  and  quartered  until  a  quart 
sample  was  obtained  of  coal  that  would  pass  through  a  half-inch 
mesh.  This  was  sealed  air-tight  in  a  galvanized-iron  can  and  sent  to 
the  chemical  laboratory.  The  analyses  were  made  at  the  fuel-testing 
plant  of  the  United  States  Geological  Survey  at  St.  Louis,  Mo.,  by 
F.  M.  Stanton,  chief  chemist.     They  are  as  follows: 


Proximate  analyses  of  coal  samples  from  the  Pleasant  Valley  district  ^  Utah, 


Castigate. 


Laboratory  No 

Analysis  of  sample  as  roceived: 

Moisturo 

Volatile  matter 

Fixed  carl)on 

Ash 

Sulphur 

Loss  of  moisturo  on  air  drying. . 

Analysis  of  air-dried  sample: 

lioisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


20d8. 


4.72 
39.13 
48.45 

7.70 
.49 


1.30 


3w47 
30.64 
49.09 

7.80 
.50 


2U07. 


&13 
4a  07 
45.45 

a35 
.5k\ 


150 


Winter- 
quarters. 


Clear 
Creek. 


2541. 


&10 
4a  21 
45.91 

5.78 
.86 


aoo 


2  73 
41.52 
47.10 

&65 


4.37 
41.84 
47.77 

&02 
.89 


542. 


7.02 
41.88 
45.80 

5l29 
.57 


a  10 


4.04 
4123 
47.27 

5^46 
.58 


See.  11, 
T.  14  8., 
R.6E. 


2409. 


5^19 
43.80 
46.91 

4.01 
.31 


Sec.  24, 
T.  16S., 
R.  7E. 


2L30 


296 
44.92 
48.02 

4.10 
.32 


2410. 


6c  04 
3a  96 
48.40 

&60 
.83 


290 


a  23 
4a  12 
49.85 

6.80 
.85 


Sec.  2, 
T.15S., 
R.6E. 


2387. 


&46 
4L17 
46l09 

4.28 
.48 


aso 


5.15 
42  75 
47.86 

4.44 
.50 


These  analyses  are  representative  of  several  coal  beds.  They  show 
an  evenly  good  grade  of  fuel,  moderately  low  in  moisture  and  ash, 
and  remarkably  low  in  sulphur.  The  low  percentage  of  sulphur 
seems  to  be  characteristic  of  the  Cretaceous  coals  in  the  Rocky 
Mountain  region. 

Coking  tests  have  not  been  made  of  all  the  workable  coals  in  this 
district.  The  beds  now  mined,  however,  have  not  produced  mer- 
chantable poke. 

The  coals  of  the  Pleasant  Valley  district  generally  contain  little 
hygroscopic  water.  The  coal  in  the  thicker  beds  is  generally  massive 
and  mines  in  somewhat  uneven  and  often  large  blocks.     Most  of 
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the  coal  has  a  bright  luster  and  withstands  long  surface  exposure 
without  slacking.  On  their  chemical  and  physical  properties  these 
coals  should  be  classed  as  high-grade  bituminous  coal.  They  are 
regarded  as  an  excellent  domestic  and  steaming  fuel. 

DEVKIiOPMENT  AKD  TRA:hr8PORTATION. 

Except  for  local  domestic  use  the  development  of  the  Pleasant 
Valley  district  is  Umited  to  the  Castlegate,  Winterquarters,  and  Clear 
Creek  mines.  These  mines  produce  annually  about  half  a  million 
tons,  more  than  half  the  coal  product  of  the  State.  A  thick  bed 
was  once  mined  at  Scofield  by  the  Union  Pacific  Railroad  Com- 
pany, but  was  abandoned,  it  is  reported,  because  of  transportation 
diflBculties.  *^ 

The  transportation  of  coal  in  tliis  region  is  entirely  in  the  control 
of  the  Rio  Grande  Western  Railway.  Castlegate  is  on  the  main 
line  of  this  road  and  the  Pleasant  Valley  mines  are  reached  by  a 
branch  from  Colton,  near  the  summit  of  the  Wasatch  Plateau.  The 
outcrops  of  the  coal  beds  may  be  reached  by  roads  from  Castle 
Valley  up  any  of  the  larger  valleys  and  canyons.  The  coal  in  Hunt- 
ington Canyon  has  a  long  and  tortuous  outcrop.  The  canyon  is 
deep  and  has  a  narrow  but  flat  floor.  The  grade  is  believed  to  be 
less  than  that  of  Price  River  above  Castlegate.  Similar  conditions 
are  to  be  found  in  Cottonwood  Cayon,  at  the  south  edge  of  the 
district. 
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By  Willis  T.  I.ke. 


INTRODUCTION. 

This  paper  is  a  brief  preliminary  report  on  the  occurrence  and 
cliaracter  of  the  coal  of  Iron  County,  southwestern  Utah.  During  the 
suiuiner  of  1906  the  principal  coal  openings  were  visited,  the  coal  was 
sampled  for  analysis,  and  the  stratigraphic  position  of  the  coal- 
bearing  sediments  was  determined.  No  attempt,  however,  was  made 
at  mapping  the  outcrops. 

The  occurrence  of  workable  coal  in  southwestern  Utah  has  been 
known  since  the  year  1854,  when  the  first  mine  of  this  region  was 
opened.  The  coal  is  located  in  Colob  Plateau,  east  of  Cedar  City  and 
Kanarraville,  and  to  the  west  of  the  plateau  in  the  eastern  slope  of 
Pine  Valley  Mountain  near  New  Harmony.  (See  PI.  XXI.)  The 
coal  has  long  been  of  local  importance,  but  it  is  so  far  from  any  large 
market  that  it  has  not  been  of  great  vahie  until  the  construction  of 
the  San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad,  which  now 
I)asse8  witliin  35  miles  of  the  principal  out€rops.  A  branch  might 
easily  be  constructed  from  this  road  to  some  of  the  most  promising 
mines. 

Little  is  kno^^^l  of  the  quality,  the  available  quantity,  and  the 
accessibility  of  the  coal.  The  structure  of  the  region  is  such  that 
some  of  the  coal  outcrops  in  the  precipitous  cliffs  bordering  the 
plateau,  3,000  feet  or  more  above  the  plains  to  the  west,  and  some 
of  it  outcrops  at  the  bottoms  of  canyons  and  near  the  level  of  the 
plains.  For  thase  reasons  a  knowledge  of  the  geography,  the  stratig- 
raphy, and  the  structure  of  the  region  is  necessary  in  order  to  form  a 
proi)er  estimate  of  the  value  of  the  coal  lands. 

8UUFACK   FKATIJUK8. 

The  coal  of  Iron  County  outcrops  mainly  in  the  cliffs  at  the  western 
margin  of  Colob  Plateau,  which  has  an  elevation  of  about  9,500  feet, 
about  4,000  feet  greater  than  that  of  the  (ireat  Basin  to  the  west. 
The  streams  have  eroded  a  few  sharp  canyons  near  the  edge  of  the 
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plateau,  the  largest  of  which  is  that  of  Coal  Creek.    Although  this 

creek,  as  it  emerges  from  its  canyon,  is  a  stream  of  c-onsiderable  size, 

its  waters  are  soon  absorbed  by  the  sands  and  gravels  of  the  Lake 

Bonneville  beds  of  the  Escalante  Desert. 

The  ruggedness  of  the  country  in  the  vicinity  of  the  coal  deposits  is 

perhaps  the  most  serious  drawback  to  their  development.     A  railroad 

might  easily  be  built  to  the  foot  of  the  Colob  escarpment,  but  most  of 

the  coal  lies  near  the  top  of  the  plateau,  3,000  feet  or  more  above  the 

base.     Railroad  lines  are  said  to  have  been  surveyed,  connecting  the 

Coal  Creek  and  New  Harmony  mines  with  the  San  Pedro,  Los  Angeles 

and  Salt  Ijako  Railroad  to  the  west,  but  no  construction  work  has  been 

done  on  them. 

GEOI^OGY. 

DETAILED  SECTIONS. 

COLOB    PI^TEAIT. 

At  the  coal  mine  4  miles  east  of  Kanarraville  a  section  was  measured 
from  the  coal  bed  to  the  top  of  the  plateau.  A  considerable  thickness 
of  the  coal-bearing  formation  has  been  eroded  at  this  place  and  the 
plateau  is  covered  with  basalt.  The  part  remaining,  having  a  thick- 
ness of  463  feet,  is,  therefore,  only  the  base  of  the  formation.  In  the 
canyon  of  (\)al  Oeck  the  remaining  part  was  found  to  be  1,100  feet 
thick.  No  detailed  section  was  obtained  above  the  coal  in  this 
canyon,  but  the  upper  l)e(ls,  so  far  as  observe^!,  are  not  notably  differ- 
ent in  composition  and  i)hysi(ral  character  from  the  lower  ones,  and 
the  same  spcxue,s  of  fossils  were  found  tlirough  the  entire  thickness. 

The  Coal  (Veek  canyon  affords  exceptionally  good  opportunities  for 
making  <l(»taile(l  geologic  sections.  The  older  formations  are  steeply 
upturned  near  the  moutli  of  the  canyon,  and  the  younger  formations 
li(^  more  ruMirly  liorizontal  a  few  miles  farther  upstream.  The  thick- 
nesses giv(Mi  in  th(»  a<'coni])anying  section  were  obtained  by  barometer 
where  th(^  strata  are  horizontal  and  by  pacing  across  the  strike  and 
corn»cting  for  dij)  where  the  rocks  are  upturned.  The  coal  bed  (Lunt 
min(»)  at  the  to])  of  this  part  of  the  section  (No.  9)  is  presumably  the 
same  as  that  of  the  Kanarraville  coal  and  is  the  means  by  which  the 
U|)|)er  and  middle  i)arts  of  tlie  section  are  connected. 

The  basal  l)eds  of  the  red  slialc*  and  sandstone  are  not  exposed  on 
Coal  CVeek,  l)ut  the  lower  menilxTs,  together  with  an  underlying 
massive  limestone,  are  exposed  near  Kanarraville.  About  5  miles 
south  of  this  town  a  section  was  measured  (extending  from  the  lime- 
stone (No.  33  of  the  section),  which  is  imperfectly  exposed  along 
Coal  Creek  to  the  base  of  the  plateau.  Fossils  were  collected  from 
this  limest(me,  both  in  the  Coal  Creek  canyon  and  south  of  Kanar- 
raville, and  the  forms  w^ere  determined  by  G.  II.  Girty  to  be  the 
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same.     On  this  basis  the  limestone  is  made  the  means  of  connect- 
ing the  middle  and  lower  parts  of  the  section. 


The  following  is  the  complete  detailed  section  of  the  rocks  of 
Colob  Plateau,  which  are  also  shown  diagrammaticatly  in  Hg.  Z. 

Section  of  ruckt  rxpotal  in  Colob  Flattan. 

(A)  AT  KANAURWILLE  COAL  MINE. 

Fwt. 

1.  BankU  i'i\  finitli'd  flurfacc  at  Kanarravilln,  but  Roccno  cimRlompratp  in 

otlicr  places (?) 

2.  LinicHUmc.  nlialy,  contaiiiinf:  Ottrra  pp..  ryrena   ifrurit   Mfrk?.  Cnrbula 

nfmatophnra  Mwk '. .W 

3.  Xctfspmcd W 

■I.  Sainl^'liinc.  ycll'iw.  fria)il>'.  containing  Otlira  tiili-ni*rii»  Mfr>k.  IniifFmmini 

lahialiui  SdiUiUi..  Cijrinn  giriiru*  Meek?,  Modiola  hji .50 

5.  Kaiidxt'ini'.   ina»<ivc.   gray,   with   layi-m  i>f  pandy  liincKti'iK'  conlaining 
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Feet. 

6.  Sandstone  and  shale,  partly  covered,  containing  Cyrena  securis  Meek?, 

Corbula  nenuitophora  Meek 115 

7.  Shale,  black,  carbonaceous,  with  thin  bandn  of  limestone  containing  Atn- 

cula  gastrodes  Meek,  Cardium  pauperculum  Meek,  Glauconia  coabnllcrms 
(Meek) 15 

8.  Coal  with  bands  of  earthy  limestone  containing  Oslrea  sp.,  Cyrena  sp., 

Corbula  nematophora  Meek.     (Probably  the  samt*  as  the  coal  of  No.  9. 
below) 8 

(B)  IN  COAL  CREEK  CANYON. 

9.  Shale,  black,  carbonaceous,  with  coal  bed  about  4  feet  thick  (Lunt  mine*).        55 

10.  Sandstone,  massive,  gray,  coarse,  cross-beddtnl.  conglomeratic  in  places 

and  containing  Ostrea  sp 30 

11.  Shale,  carbonaceous,  with  6-inch  coal  bed 5 

12.  Sandstone,  massive,  gray ' 10 

13.  Limt»8tone,  sandy,  containing  Ostrea  sp.,  (ilanconin  coalvillen»u  (Meek). .  2 

14.  Sandstone,  massive,  gray 15 

15.  Shale,  black,  carbonaceous,  with  thin  beds  of  coal 10 

10.  Sandstone,  light  colored,  altc^mating  with  layers  of  shale  of  various  shades 

of  pink,  green,  blue,  etc 500 

17.  Sandstone,  massive,  gray,  cross-bedded 50 

18.  Shale,  weathering  to  many  shades  of  red,  green,  etc .■ 225 

19.  Conglomerate,  consisting  of  quartzite,  limestone,  and  red-sandstone  peb- 

bles   5 

Erosional  unconformity.  • 

20.  Sandstone,  red,  friable,  and  sandy  shale 100 

21.  Gypsum 100+ 

22.  Shale,  red 150 

23.  Limestone,  brown,  earthy,  forming  a  cliff 250   - 

24.  Sandstone,  red,  shale,  and  gypsum 40 

25.  Sandstone,  massive,  red;  makes  a  conspicuous  cliff 1, 050 

26.  Sandstone,  red,  alternating  with  layers  of  shale 175 

27.  Sandstone,  massive,  red 475 

28.  Sandstone,  thin  bedded,  red,  purple,  and  gray,  and  shale  in  alternating 

layers 180 

29.  Sandstone,  massive,  cross-bedded,  red 250 

30.  Sandstones  and  shales,  thin  bedded,  red 520 

31.  Sandstone,  conglomeratic,  coarse,  gray,  with  fossil  w(K»d  at  the  bas<\ 

{Araucarionjhn  arizonicum) 100 

32.  Sandstones  in  alternating  layers  of  purple,  red,  and  gray,  and  shales,  with 

numerous  beds  of  gypsum 2, 150 

33.  Limestone,  earthy,  containing  the  same  fossils  as  those  of  N(».  33  below. .       (?) 

(C)  5  MILP:S  south  of  KANAURAVILLK. 

34.  Limestone,  (»arthy,- containing  Composita  sp.,  Pugnax  aff.  osageims.  Die- 

lasma  (?)  sp.,  AvicuUpecten  aff.  occidentaUs,  Aviculip<r((n  sp.,  Myalina 

aff.  permiana,  BakeweUia  n.  sp.,  Schizodus  sp 100 

35.  Shale,  red,  sandy 400 

30.  Linu»ston(»  with  small  pebbles 50 

37.  Congloinerale,  pehblc»s  of  quartzite,  limestone,  etc.,  in  lime  matrix J25 

Unconformity. 

38.  Limestone,  massive,  base  not  expose<l 3004- 
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BEAVER   CANYON. 

No  fossils  were  collected  from  the  lower  massive  limestone  (No.  38) 
in  the  Kanarraville  region,  but  a  small  collection  was  made  in  Beaver 
Canyon,  about  50  miles  to  the  north,  from  a  limestone  which  is 
apparently  the  same.  The  faunas  of  the  overlying  red  beds  were  also 
found  much  better  preserved  in  Beaver  Canyon  than  farther  south. 
For  this  reason  it  is  thought  desirable  to  include  the  Beaver  Canyon 
section  in  this  paper,  although  it  is  outside  of  the  area  described. 

Section  of  rocks  exposed  in  Beaver  Canyon  4  miles  east  of  Minersville. 

Feet. 

1.  St'vcml  hundred  feet  of  basalt. 

2.  Many  hundred  feet  of  rhyolitic  flow,  tuff,  and  breccia. 

3.  Several  hundred  feet  of  andcsitic  flow,  tuff,  ancl  breccia. 

4.  Gravel,  uncemented,  and  bowlders  of  limestone,  quartzite,  and  andesite  . .       250 

5.  Conglomerate,    coarse,    consolidated,    consisting   of   limestone,   quartzite 

and  various  crystalline  rocks,  the  Iwwlders  having  a  maximum  diame- 
ter of  5  feet 90 

Unconformity. 

6.  Shale,  red 60 

7.  Lim(»stone,  earthy  gray 15 

8.  Shale,  red 10 

9.  Limestone,  gray 10 

10.  Shale,  red,  and  ripple-marked  sandstones 40 

1 1 .  Limestone,  l)lue 10 

12.  Shale,  red,  and  ripple-marked  sandstones 120 

13.  Limt»8tone  containing  Aviculipecten  weberensiSy  Aincidipecten  aff.  occiden- 

talism    Myalina    aff.    peratlenuuita,  Bahewellia  n.  sp.,  Pleurophorus  sp., 

Schizodus  sp : 15 

14 .  Shale 40 

15.  Limestone  containing  same  fossils  as  No.  13 15 

1(>.  Shale,  buff,  with  a  small  amount  of  limestone 95 

17.  Shal(»  and  limestone  containing  Atnculipecten  n.  sp.,  Pltiirotomariaf  sp., 

Baktuellia  n.  sp.,  Naticopsis  sp.,  Xenodiscusf  sp.,  undetermined  am- 
monoids 100 

18.  Shale,  red 35 

19.  Shale,  y(»llowish  brown,  alternating  with  ripple-marked  sandstone 40 

20.  Conglomerate,  quartzitic 10 

Unnmformity. 

21.  Limestone,    cherty,    containing   Zaphrentisf  sp.,   Fisiulipora   sp.,    Septo- 

pora  sp.,  Prodvctus  aff.  siibhorriduSy  Meekellaf  sp.,  Spiri/er  aff.  cameratu^j 
Squamularia  aff.  perplexa,  Spiriferina  aff.  kentuckyensiSy  Spiriferina  sp., 
Composita  aff.  subtilitay  Htistedia  a^,  meekana,  Pugnax  aff.  osagensis 450 

22.  Quartzite,  yellowish 200 

23.  Limestone,  cherty,  containing  Squamularia?  sp.  and  Ilustedia  aff.  meekana. .       500 
Base  not  exposed.  

2,105 
CORRELATIONS. 

AUBREY  LIMESTONE   (CARBOXIFEROUS). 

The  limestone  (No.  38)  at  the  base  of  the  Colob  Plat^^au  section  is 
referred  with  some  doubt  to  the  Aubrey  formation  of  the  Carbonifer- 
ous.   It  is  apparently  the  same  as  the  limestone  forming  the  base  of 
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the  exposed  section  in  Le  Verkin  Canyon,  southeast  of  Kanarraville, 
referred  to  the  Aubrey  by  Huntington  and  Groldthwait,*  who  traced 
the  formations  from  the  Grand  Canyon  in  northern  Arizona  north- 
ward along  the  Hurricane  fault  to  Kanarraville.  The  fauna  yielded 
by  the  massive  limestone  beneath  the  red  beds  of  the  Beaver  Canyon 
section,  which  from  stratigraphic  evidence  is  supposed  to  be  the  same 
as  the  limestone  at  the  base  of  Colob  Plateau,  is  stated  bv  G.  H. 
Girty,''  who  identified  the  fossils,  to  be  probably  Aubrey,  although  it 
does  not  contain  the  most  characteristic  Aubrey  forms. 

RED    ROCKS. 

Resting  unconformably  upon  the  basal  limestone  of  the  section  is 
an  extensive  group  of  red  secHments.  Fossiliferous  limestone  was 
found  at  a  few  horizons  near  the  base  of  this  group  in  the  Beaver 
Canyon  section,  and  on  the  basis  of  the  fossil  evidence  Doctor  Girty 
correlates  the  beds  with  Walcott's  Permian  of  the  Grand  Canyon  sec- 
tion*^ and  with  the  "Permo-Carboniferous''  of  the  Wasatch  Mountain 
section. 

The  only  other  stratum  found  to  be  fossiliferous  within  the  red  beds 
is  the  conglomeratic  sandstone  (No.  31),  which  contains  petrified  tree 
trunks.  Thin  sections  of  the  wood  have  been  examined  bv  David 
White  and  F.  II.  Kjiowlton,  of  the  United  States  National  Museum. 
Doctor  Knowlton  recognizes  the  form  as  Araucarioxylon  arizonicum, 
described  by  him  from  the  Shinarump  conglomerate  of  Arizona. 
This  determiriati(m  strengthens  the  stratigraphic  evidence  that  the 
conglomeratic  sandstone  of  this  section  is  to  be  correlated  with  the 
Shinarump  of  Arizona,  which  Ward"*  refers  to  the  Triassic.  It  is  note- 
worthy that  although  Ward  describes  the  lower  or  conglomeratic  part 
of  the  Shinanimp  of  Arizona  as  800  feet  thick,  the  formation  here 
reaches  only  100  feet.  It  is  possible,  however,  that  some  of  the  over- 
lying red  strata  may  belong  in  the  Shinanimp  instead  of  in  the 
Painted  Desert  formation. 

The  lower  part  of  the  section  given  by  Huntington  and  Goldthwait 
in  the  paper  just  referred  to  is  very  similar  to  the  section  in  Colob 
Plateau,  and  the  names  there  given  may  be  employed  so  far  as  the 
formations  can  be  recognizcMl.  The  Moencopie  (Permian  ?)  prob- 
ably inrhidos  all  the  red  sediments  between  the  Aubrey  limestone 
(No.  3S)  and  the  Shinarump  conglomerate  (No.  31),  a  thickness  of 
about  2,S()0  feet.     There  is  apparently  a  time  break  at  the  base  of 


n  Huntington,  Kllsworth,  rtn<l  (loldthwait.  .1.  \V..Tho  IIurrican<>  fault  in  t ho  Toqiiorvlllo  district, 
Utah:  liull.  Miis.  Comp.  Zool..  Harvard  Coll.,  vol.  42  ((Jt^ol.  Sor..  vol.  U),  19()4.  pp.  lliO-'iW. 

''  I'rrsonal  roninuinicatlon. 

f  WnU'ott,  C.  D.,  Tho  IVrmian  ami  othor  T'ah'OT-.oic  j;ronp.«;  of  th«»  Kanab  Vall«'y,  Arizona:  Am. 
Jour.  St'i.,  M\  WT..  vol.  20.  1SS(),  pp.  221-225. 

rfWard.S.  F.,  (loology  of  tho  Llttln  Colorado  Valloy.  A rizcma:  Am.  Jour.  Sc'i.,  4lh  .s<t.,  vol.  12,  IflOl, 
p.  405. 


IRON    COUNTY   COAL   FIELD,   UTAH.  365 

this  conglomerate  which  may  represent  the  interval  between  the 
Permian  (?)  and  that  part  of  the  Triassic  represented  by  the  con- 
glomerate. The  abrupt  change  from  the  red  gypsiferous  shale  and 
sandstone  of  the  Moencopie  to  the  gray  conglomeratic  sandstone  of 
the  Shinanimp  and  the  presence  within  the  conglomerate  of  pebbles 
of  (juartzite  and  argillite  suggest  that  the  Shinarump  is  a  basal 
formation  deposited  upon  a  surface  of  erosion. 

No  data  were  obtained  regarding  the  age  of  the  red  sediments 
overlying  the  Shinarump  conglomerate.  The  shales  and  sandstones 
of  No.  30  may  be  the  Leroux  or  may  be  the  Painted  Desert  forma- 
tion of  Huntington  and  Goldthwait.  The  Kanab  sandstone  (Nos.  25 
to  29,  inclusive),  has  here  a  thickness  of  about  2,800  feet,  the  upper 
half  consisting  of  massive  red  sandstone  that  forms  conspicuous 
cliffs. 

The  Colob  formation  of  Huntington  and  Goldthwait  was  not 
recognized.  The  Kanab  sandstone  is  overlain  in  the  Coal  Creek 
canyon  by  gypsum,  earthy  limestone,  and  red  sandstone  and  shale, 
separated  into  two  nearly  equal  subdivisions  by  a  conglomerate  rest- 
ing apparently  upon  an  eroded  surface.  This  was  observed  in  only 
one  place,  and  its  significance  was  not  determined.  No  evidence  of 
the  geologic  age  of  the  two  divisions  was  found  further  than  the  fact 
that  they  are  younger  than  the  Kanab  sandstone  and  older  than  the 
Benton. 

BENTON. 

• 

The  upper  part  of  the  section,  or  coal-bearing  members  (Nos.  1 
to  19),  is  shown  by  paleontologic  evidence  to  belong  to  the  Benton 
subdivision  of  the  Cret&ceous.  Dutton  °  stated  that  coal  or  carbona- 
ceous shale  is  found  at  many  horizons  ft*om  the  base  to  the  summit 
of  the  Cretaceous  rocks  through  a  thickness  of  3,500  to  8,000  feet. 
Later,  Stanton  ^  described  briefly  the  coal-bearing  formation  of  Colob 
Plateau  and  showed  that  it  contained  plant  remains  and  fresh- 
water shells  in  some  places  and  marine  shells  in  others. 

The  fossils  collected  by  the  writer,  most  of  which  have  been  named 
in  the  foregoing  section,  were  determined  by  T.  W.  Stanton,  who 
states  ""  that  the  formation  may  be  correlated  with  the  coal-bearing 
rocks  of  Coalville,  Utah,  and  with  a  part  of  the  Frontier  formation 

a  Dutton,  C.  E.,  Report  on  the  geology  of  th«  high  platoaun  of  Utah,  U.  S.  Oeog.  and  Geol.  Survey 
Rocky  Mts.,  1880.  xxxii+307  pp.;  Tertiary  history  of  the  Grand  Canyon  district:  Mon.  V.  S.  Geol. 
Survey,  vol.  2,  1882. 

^Stanton,  T.  W.,  The  Colorado  formation  and  its  invertebrate  fauna:  Bull.  l'.  S.  Geol.  Survey 
No.  m\.  18J13.  p.  36. 

c  Personal  communication. 
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in  western  Wyoming.     A  few  of  the  fossils  were  coUeeted  from  locali- 
ties not  represented  in  the  section.     The  following  is  a  complete  list: 

Ostrea  aolcniscAiB.  i  Cardiuni  j)auporruhim  Mook. 

Oslroa  ep.  i  Euloinona  (V)  funioula  Mot»k. 

Anomia  sp. 

Avicula  gastn)clc8  Mook. 

Barbatia  micnmoma  (Mock). 

Trigonarca  ol)liqua  M('(*k. 


A<imot(>])i*iH  siil)fu8if()mii8  M(»ek. 
Glaiiconia  coalvillrnHis  (Meek). 
('h(»mnilzia?  sp. 
IjKK'orainiis  1a))iatUH  Schlotheim? 


Cyrena  securiH  Meok?  Modiola  sp. 

Cyrene  sp.  I  Physa. 


Corbula  nematopora  Meek.  ^  Plaiu)r))is. 

STRUCTURE. 

The  cliffs  forming  the  western  face  of  Colob  Plateau  constitute  the 
northward  extension  of  the  Hurricane  CHtfs,  the  ^reat  difference  in 
elevation — a  maximum  of  about  4,000  feet — between  the  plateau 
and  the  basin  to  the  west  being  (hie  to  displacements  along  the 
line  of  the  Hurricane  fault.  As  already  stated,  Huntington  and 
Goldthwait  traced  this  fault  from  the  Grand  Canyon  northward  to 
Kanarraville,  and  showed  that  at  the  hitter  place,  as  elsewhere,  there 
is  an  old  and  a  new  Hurricane  fault.  The  se<|uence  of  events  worked 
out  by  these  authors  is  (1)  a  period  of  flexing  of  the  strata  followt^d 
by  a  period  of  erosion;  (2)  the  formation  of  the  old  Hurricane  fault, 
followed  by  a  long  period  of  erosion,  (hiring  which  a  considerable 
area  was  reduced  to  a  peneplain;  (3)  the  formation  of  the  younger 
Hurricane  fault  and  the  uplift  of  the  plateau. 

Durincr  his  brief  stav  in  the  rej:ji(*)n  directlv  north  of  the  area 
described  by  Huntington  and  (lohhhwait,  the  writer  saw  little  evi- 
dence of  the  existence  of  a  fohl,  but  was  impr<?ssed  with  the  profound 
faults  and  tilted  blocks  plainly  to  be  seen  near  the  edge  of  the  plateau. 
From  Beaver  Kivor  southward  to  New  Harmony,  wherever  the  sedi- 
mentary formations  were  observed  west  of  the  phiteau,  the}^  dip  east- 
ward toward  the  cliffs.  In  several  places  in  the  plateau  also,  near 
its  margin,  large  blocks  of  eastward-dipping  sedimentary  rocks  were 
observed.  A  conspicuous  examph*  occurs  betw(»en  Kanarraville  and 
Shirtz  Canyon,  where  the  strata  are  tilted  IMf  to  45°.  In  other 
places,  as,  for  example,  along  the  road  leading  from  Kanarraville  to 
the  Kanarraville  coal  mine,  the  strata  are  vertical  or  overturned, 
forming,  ac(*ording  to  Huntington  and  Goldthwait,  the  eastern  limb 
of  an  overturned  fold,  which  later  was  eroded  and  faulted  as  illus- 
trated in  fig.  8  of  th(ur  paper  on  th(^  Hurricane  fault. 

In  the  vicinity  of  Cedar  City  faults  are  not  confined  to  the  margin 
of  the  ])lateau.  In  the  canyon  of  Coal  Creek  several  faulted  blocks 
were  observed,  some  of  them  let  down  nearlv  .'^,000  feet  with  the 
strata  remaining  essentially  horizontal.  The  structure  is  complicated, 
and  careful  examination  is  necessary  before  the  region  can  be  described 
in  detail. 
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CHARACTER   OF   COAL-BEARINQ   ROCKS. 

The  various  coal  openings  on  the  plateau  are  at  essentially  the  same 
stratigraphic  horizon  and  are  probably  all  on  the  same  coal  bed.  It 
is  significant  in  this  connection  that  a  thin  limestone  containing 
Admetopsis  subfasiformis  Meek  and  EvXimeUa  funicula  Meek  (locally 
known  as  screw  shells)  lies  about  100  feet  above  the  coal  and  is  used 
by  prospectors  as  a  guide  stratum  in  locating  the  coal  bed.  Several 
prospects  have  been  succgssfully  located  in  this  way  where  the  coal 
was  covered  with  slide  rock. 

Coal  occurs  at  other  horizons  in  Colob  Plateau,  although  not  in 
workable  thicknesses  so  far  as  known.  Thin  coal  beds  occur  60  feet 
below  the  main  bed,  which  is  worked  in  the  vicinity  of  Cedar  City 
and  Kanarraville  (No.  8  of  the  accompanying  section),  and  carbona- 
ceous shale  containing  coal  was  also  noted  1,000  feet  above  the  main 
bed  at  Wood  &  Taylor^s  mine  in  the  Coal  Creek  canyon.  These 
observations  tend  to  confirm  Dutton's  statement  that  coal  occurs 
at  several  horizons  and  render  it  possible  that  the  New  Harmony 
coal  beds,  which  seem  to  differ  so  markedly  from  those  best  known 
in  Colob  Plateau,  as  here  described,  may  belong  to  some  horizon  not 
yet  known  in  the  plateau  region. 

The  coal  beds  occur  in  a  formation  which  is  essentially  marine,  as 
shown  by  the  fossils.  In  places,  however,  it  contains  plant  remains 
and  fresh-water  moUusks,  according  to  Stanton,"  and  in  others  such 
brackish-water  genera  as  Ostrea,  Cyrenay  and  Corbvla.  The  coal 
itself  contains  thin  seams  and  lenticular  masses  of  earthy  limestone 
that  carry  in  some  places  marine  fossils,  in  others  brackish-water 
fossils,  and  in  still  others  such  fresh-water  genera  as  Physa  and 
Planarbis.  It  is  evident  that  the  coal  accumulated  at  the  shore  of  the 
Cretaceous  sea  under  alternating  marine  and  fresh-water  conditions. 

DESCRIPTIVE  DBTAIIiS  OF  COAIi. 

Although  the  coal  of  southwestern  Utah  has  been  utilized  since 
1854,  few  mines  have  been  opened  and  the  coal  has  been  used  only 
in  the  small  towns  located  near  the  coal  outcrops.  For  this  reason, 
and  probably  also  because  the  coal  is  exposed  at  the  surface  at  many 
points  along  the  outcrop,  little  prospecting  has  been  done.  The 
few  mines  that  have  been  worked  are  described  in  the  following 
paragraphs,  the  numbers  corresponding  with  the  location  numbers 
on  PI.  XXI  (p.  360). 

1.  JONES  &  BULLOCK  MUfS. 

The  Jones  &  Bullock  mine  is  located  in  the  SE.  J  sec.  36,  T.  36  S., 
R.  10  W.,  in  the  Coal  Creek  canyon,  about  8  miles  southeast  of  Cedar 
City.     The  coal  bed  lies  nearly  horizontal  at  an  altitude  of  about 

o  Stanton,  T.  W.,  The  Colorado  formation  and  its  invertebrate  fauna:  Bull.  U.  S.  Oeol.  Survey 
No.  106,  1803,  p.  36. 

9411— Bull.  316—07 24 
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7,200  feet,  the  coal-bearing  formation,  which  farther  south  caps 
the  plateau  at  an  altitude  of  nearly  10,000  feet,  having  been  faulted 
down  so  that  the  coal  is  brought  within  50  feet  of  the  bottom  of  the 
canyon.  The  mine  is  located  near  the  wagon  road  between  Cedar 
City  and  Panguitch  and  is  more  easily  accessible  than  any  other 
workings  visited  in  southwestern  Utah.  It  has  been  operated  more 
or  less  continuously  since  1890,  with  a  maximum  output  of  about  300 
tons  a  year.  An  entry  has  been  run  in  on  the  coal  bed  for  250  feet. 
Little  care  has  been  exercised  in  working  the  mine  and  the  entry  has 
been  broadened  by  the  removal  of  the  coal,  the  waste  piled  in  the 
vacated  space  being  in  places  the  only  support  for  the  roof.  The 
section  exposed  in  the  mine  is  as  follows: 

Section  of  coal  bed  in  Jones  d:  Bullock  mine. 

Ft.    in. 

Coal,  impure,  discarded  in  mining 1 

Clay 8i 

Coal 3    lOi 

5      7 

The  surface  is  covered  with  slide  rock  at  this  place  and  no  indication 
was  observed  of  coal  at  other  horizons. 

2.  CLUFF  (JENSEN)  MINS. 

The  Cluff  or  Jensen  mine,  now  owned  by  Peter  Feiff,  is  located  in 
sec.  35,  T.  36  S.,  R.  10  W.,  in  the  Coal  Creek  canyon,  7  miles  east  of 
Cedar  City.  The  coal-bearing  formation  is  here  faulted  down,  as 
already  described,  bringing  the  coal  bed  to  the  bottom  of  the  canyon. 
The  mine  was  opened  in  1885.  The  entry,  which  is  driven  in  on  the 
coal  bed,  is  said  to  be  600  feet  long  and  the  coal  5 J  to  6  feet  thick. 
The  mine  was  inaccessible  at  the  time  of  the  writer's  visit,  and 
apparently  had  not  been  worked  for  several  years. 

3.  WOOD  &  TAYLOR  MINE. 

The  Wood  &  Taylor  mine  is  located  in  the  NW.  J  sec.  4,  T.  37  S., 
R.  10  W.,  in  the  canyon  of  the  south  fork  of  Coal  Creek,  about  7 
miles  southeast  of  Cedar  City  and  near  the  top  of  the  plateau,  at  an 
altitude  of  about  8,900  feet.  In  order  to  reach  it  an  ascent  of  2,000 
feet  or  more  must  be  made  up  the  precipitous  side  of  the  canyon. 
The  difficulty  of  hauling  coal  from  such  a  place  materially  lessens 
the  value  of  the  mine. 

The  mine  was  opened  in  1881  and  has  been  worked  more  or  less 
continuously  since  that  time.  The  market  is  local  and  very  small, 
little  of  the  coal  being  used  outside  of  Cedar  City.  The  average 
output  is  reported  to  be  about  50  tons  a  year,  with  a  maximum  of 
250  tons.     The  coal  bed  is  nearly  horizontal  and  is  overlain  by  about 
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1,000  feet  of  rock.  An  entry  has  been  run  in  on  the  coal  bed  for  390 
feet  from  the  face  of  the  cliff.  At  the  end  of  the  entry  the  following 
section  was  measured: 

Section  of  coed  bed  in  Wood  d:  Taylor  mine. 

Limestone  containing  Cyrena  gecuris  Meek?  Ft.   in. 

(bal,  bony — discarded  in  mining 2 

Clay 5 

Coal lOi 

Shale,  carbonaceous,  containing  numerous  specimens  of  Physa, 

PlaTwrhiSy  and  perhaps  other  fresh-water  shells 1 

Coal 6 

Clay 3i 

(V)al 2  1 

Clay 1 

Coal 2  1 

Limestone. 

8      5 

Coko  is  said  to  have  been  made  from  this  coal  many  years  ago  and 
used  locally  for  the  extraction  of  iron  from  the  ores  that  occur  in 
great  abundance  in  the  Iron  Mountains.  The  coke  is  said  to  have 
been  satisfactory  for  smelting  purposes.  For  some  time  iron  was 
produced  at  the  rate  of  3  or  4  tons  a  day,  but  its  quaUty  was  poor, 
and  smelting  was  discontinued  when  the  advent  of  railroads  made 
possible  the  importation  of  better  iron  from  the  East.  Coke  made 
from  the  Wood  &  Taylor  coal  is  said  to  have  been  used  successfully 
also  in  the  Horn  Silver  smelter,  but  for  some  reason  coking  has 
not  been  continued. 

A  quarter  of  a  mile  north  of  the  old  Wood  &  Taylor  mine  a  new 
one.  No.  4  of  the  map,  has  been  opened  on  the  same  coal  bed,  but 
no  coal  has  yet  been  shipped. 

5.  LEYSON  MDSS. 

The  Leyson  mine  is  located  in  the  SE.  J  sec.  33,  T.  36  S.,  R.  10  W., 
about  a  mile  north  of  the  Wood  &  Taylor  mine,  but  is  not  now  in 
operation.  It  is  said  to  have  been  the  first  mine  opened  in  Utah, 
and  was  operated  from  1854  until  1890.  The  first  coke  ovens  in 
southwestern  Utah  were  built  near  this  mine  and  the  early  settlers 
used  the  coke  for  smelting  iron.  Later  200  to  300  tons  of  it  were 
hauled  to  Frisco  for  smelting  purposes. 

OTHER  OPENINGS  IN  COAL  CREEK  CANYON. 

Several  openings  have  been  made  in  the  canyon  of  Coal  Creek  and 
abandoned  for  various  reasons.  Some  of  these  openings  are  indicated 
on  the  map  without  location  number,  but  the  location  of  the  Limt 
mine  (No.  6),  so  called,  although  it  was  little  more  than  a  prospect, 
is  shown  for  the  purpose  of  marking  that  part  of  the  accompanjdng 


870     covTBiBunoxB  TO  Ecosroiac  geology,  im6,  past  n. 

sectKjn  CNos.  9-22)  which  wa«  meafiured  there.  The  prospects  norih 
at  (Uml  Creek  have  failed  principallY  because  of  the  faulted  and  con- 
torted condition  of  the  rocks  and  the  consequent  crushing  of  the 
coal  hedB. 

7.  OOKBY  MIHK. 

Andrew  Cony's  mine  is  located  in  sec.  25(?)«  T.  36  S.,  R.  11 W.,  at 
the  western  edge  of  Colob  Plateau,  about  4  miles  southeast  of  Cedar 
City,  at  an  altitude  of  about  9,000  feet.  The  opening  is  in  the  face 
of  the  precipitous  escarpment,  3,000  feet  above  Cedar  CSty  and  500 
feet  below  the  top  of  the  plateau.  The  plateau  is  here  covered  with 
basalt,  and  the  sediments  are  cut  by  large  dikes,  but  no  evidence  of 
extensive  metamorphism  was  found.  The  road  from  the  town  to  the 
plateau  passes  the  mine,  but  it  is  very  steep,  and  hauling  coal  from 
the  mine  is  difficult  and  expensive. 

The  mine  was  opened  in  1885  and  has  been  worked  occasionally 
since  that  time,  the  coal  being  used  almost  entirely  in  Cedar  City. 
The  entry  runs  in  on  the  coal  bed  for  about  50  feet  and  then  turns 
parallel  to  the  face  of  the  cliff.  Little  care  has  been  exercised  in 
mining  and  the  roof  has  fallen  in  several  places,  rendering  access  to 
the  mine  difficult.  The  end  of  the  entry,  however,  was  found  in  good 
condition,  and  there  the  following  section  was  measured: 

Section  of  coal  bed  in  Cony  mine. 

Hhahf,  carbonacf^iUH  and  calcareouH.  Ft.  In. 

CVttil,  containing  a  qiiarter-inrh  Htrc*ak  of  clay 1 

Clay 1 

(>»! 6 

Clay 1 

Oml 2 

('lay.  

3    7 

Tho  impurities  in  the  coal  vary  greatly  in  quantity  and  character 
from  place  to  place. 

Here,  as  elsewhere  in  southwestern  Utah,  marine  shells  occur  in 
lenses  and  scams  of  limestone  within  the  coal.  CorhuUi  nematophora 
Meek  and  Glauconia  coalviUensis  Meek  were  obtained  in  the  Cony 
mine  in  blocks  of  rock  which  apparently  had  fallen  from  the  roof. 

8.  CULVER  MUfS. 

F.  L.  Culver's  mine  is  located  in  sec.  24,  T.  37  S.,  R.  11  W.,  at  the 
western  margin  of  Colob  Plateau,  in  Shirts  Canyon,  at  an  elevation  of 
8,900  feet,  or  about  3,000  feet  above  the  base  of  the  plateau.  The 
coal  bed  is  near  the  base  of  the  Benton  (Cretaceous)  formation  and 
at  this  point  strikes  N.  10°  E.,  dips  8°  SE.,  and  is  overlain  by  900 
feet  of  rock.  This  thickness  increases  eastward  or  down  the  dip,  the 
surface  of  the  plateau  being  essentially  level.    The  face  of  the  cliff  is 
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covered  with  talus,  and  the  distance  of  the  coal  bed  above  the  base 
of  the  Benton  formation  was  not  determined,  nor  is  it  known  that 
this  is  the  only  coal  bed  of  workable  thickness. 

The  mine  is  most  conveniently  reached  from  Cedar  City  by  a  wagon 
road  that  has  recently  been  built  up  Shirts  Canyon.  The  coal  was 
first  opened  in  1903,  when  an  *try  was  run  in  on  the  bed  for  175 
feet.  Nothing  more  was  done  until  the  simmier  of  1906,  when  the 
property  was  acquired  by  Mr.  Culver  and  work  was  begun  with  the 
intention  of  active  operation,  although  no  coal  had  been  shipped  at 
the  time  the  mine  was  visited.  The  section  exposed  within  the  mine 
is  as  follows: 

Section  of  coal  bed  in  Culver  mine. 

Shale,  carbonaceous.  Ft.  in. 

Coal 6    n 

Limestone,  earthy,  containing  Cyrena  sp.  and  Corhula  nemato- 

phora  Meek 2 

Coal 2 

Limestone.  

10    11 

9.  KANARSAVnXS  MINE. 

Only  one  mine  is  now  in  operation  near  Kanarraville.  This  is 
located  in  sec.  29,  T.  37  S.,  R.  11  W.,  at  the  western  margin  of  Colob 
Plateau,  4  miles  northeast  of  the  town,  at  an  altitude  of  about  8,500 
feet,  or  3,000  feet  above  the  base  of  the  plateau.  It  is  reached  from 
Kanarraville  by  a  public  road  leading  to  the  plateau.  The  mine, 
first  opened  in  1886,  is  now  owned  by  the  Southwestern  Coal  and  Iron 
Company,  of  Salt  Lake  City.  Little  coal  is  mined,  probably  because 
of  the  difficulties  of  cartage.  About  80  tons  is  said  to  be  the  average 
yearly  output.  The  coal  dips  5°  E.,  or  toward  the  plateau,  and  the 
entry  has  been  run  in  on  the  coal  for  270  feet. 

Section  of  coal  bed  in  Kanarraville  mine. 

Ft.  In. 
Clay  and  earthy  limestone  containing  Avieala  gastrodea  Meek,  Car- 

dium  pauperciilum  Meek,  Glauconia  eocdvillenais  (Meek). 

Coal 1  9 

Clay 4 

Coal 2 

Clay 2 

Coal 3  6 

Clay 1 

Coal , 1  11 

Limestone,  earthy,  containing  Ostrea  sp.,  Cyrena  sp.,  Corbula  nema- 

tophora  Meek 5 

Coal.  

8      4 

The  lowest  bench  of  coal  was  not  exposed  and  nothing  was  learned 
of  it  further  than  the  fact  that  it  forms  the  floor  of  the  mine. 
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About  half  a  mile  north  of  the  Kanarraville  mine  is  an  old  opening, 
coal  from  which  is  said  to  have  been  coked  years  ago.  The  ruins  of 
the  old  ovens  are  still  there,  but  nothing  further  was  learned  in 
regard  to  it. 

10.  NEW  HARMONY  MINES. 

Several  mines  are  located  in  sec.  ^2,  T.  27  S.,  R.  13  W.,  about  4 
miles  north  of  New  Harmony,  on  the  east  flank  of  one  of  the  spurs  of 
Pine  Valley  Moimtain,  at  an  altitude  of  about  6,000  feet.  Preliminary 
surveys  show  that  a  branch  might  easily  be  constructed  connecting 
the  mines  with  the  San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad, 
about  40  miles  to  the  west. 

The  coal-bearing  sediments  consist  of  dark-colored  shale,  sandstone, 
and  earthy  limestone.  The  base  of  the  formation  was  not  seen  and 
the  upper  600  feet  are  poorly  exposed.  The  rocks  are  faulted  and  the 
sequence  of  the  beds  can  not  be  determined  without  much  detailed 
work.  A  section,  however,  has  been  measured  across  a  part  of  the 
coal-bearing  strata  by  Robert  A.  Kirker,  who  has  kindly  permitted 
its  use  in  this  report.  The  measurements  were  made  in  shafts  and 
prospect  entries  and  are  thought  to  be  exact.  Mr.  Kirker  states  that 
a  coal  bed  9  feet  4  inches  thick  occurs  below  the  base  of  the  section 
and  two  beds  4  feet  10  inches  thick  and  5  feet  2  inches  thick  above 
the  top,  but  they  are  imperfectly  known,  being  exposed  only  in  open 
cuts,  and  their  position  in  the  column  has  not  been  determined. 

Section  of  a  part  of  the  coal-bearing  beds  near  New  Harmony ,  Utah. 

[By  Robert  A.  Kirker.] 

Ft.     In. 

Igneous  intrusive 10  4 

Shale,  calcareous 10  4 

Sandstone 9  5 

Coal,  lK)ny 4  8 

Clay 2  10 

Coal,  lK)ny 9  5 

Sandstone 17  10 

Coal  No.  3  (H;unpl(»  for  analysis  No.  6) 4  5 

Shale 3 

Limestone,  fo8silifen)us 15 

Sandstone 9  5 

Clay 2  10 

Shale 3 

Coal  No.  4  (sample  for  analysis  No.  7) 4  8 

Clay  shale 2  10 

Coal,  lx)ny 1  11 

Fire  clay 5  2 

Shale,  dark 4  8 

Shale 2  10 

Sandstone 11  3 

Coal 3 

Limestone,  (»arthy 4  8 
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Ft.    in. 
Shale,  ciilcarcouij 2     10 

Coal,  bony 5  8 

Clay  shale 2  10 

Coal,  bony .\  . .  l  5 

Shale,  dark 1  5 

Clay 1  11 

Limestone,  gray,  shaly 9  5 

Coal,  l>ony 1  11 

Shale,  calcar(H)us 2  10 

Shale,  green 4  1 

Coal,  bony 5  4 

Shale,  black 5 

Igneous  intrusive.  

^  179     11 

The  coal-bearing  rocks  belong  to  the  Benton  (Cretaceous)  forma- 
tion, as  shown  by  the  following  fossils  found  at  this  locality: 

Ostrea  sp.  Glauconia  coalvillensis  (Meek), 

C>T(?na^ecuris  Meek?  Chemnitzia?  sp. 

Cor])ula  nematophora  Meek.  Planorbis. 

The  fauna  is  the  same  as  that  of  the  coal-bearing  rocks  of  Colob 
Plateau,  but  does  not  prove  that  the  New  Harmony  coal  occurs  at  the 
same  horizon  as  that  of  the  plateau,  inasmuch  as  these  fossils  occur 
through  the  entire  thickness  of  the  formation.  The  coal  at  Kanarra- 
ville  and  Cedar  City  is  near  the  base  of  the  Benton,  while  that  at  New 
Harmony  is  near  the  top  of  whatever  Benton  is  there  present.  The 
overlying  rocks  were  removed  by  erosion  previous  to  the  deposition  of 
the  Eocene,  which  here  rests  upon  the  Benton,  and  consequently  it 
was  impossible  to  determine  whether  the  New  Harmony  coal  occurs 
at  the  same  horizon  as  that  of  the  plateau,  or  whether  it  occurs  at 
some  higher  horizon  of  which  Uttle  is  yet  known.  The  New  Harmony 
mines  are  only  1 2  miles  in  a  straight  line  from  the  nearest  outcrop  of 
coal  in  the  plat<^au,  a  distance  apparently  too  small  to  account  for  the 
great  difference  in  the  character  of  the  formation  and  the  number  of 
coal  beds  on  the  assumption  that  the  coals  of  both  localities  belong  to 
the  same  horizon. 

Owing  to  the  crushed  and  contorted  condition  of  the  strata  near 
New  Harmony,  there  is  a  possibility  that  the  several  coal  beds 
reported  by  Mr.  Kirker  may  be  to  some  extent  due  to  duplication  by 
faulting,  the  difference  in  thickness  and  character  of  the  coal  being 
caused  by  crushing.  This  possibility  was  carefully  considered  by 
Mr.  Kirker  in  making  his  section,  and  the  writer  found  no  evidence 
that  his  conclusion  in  reference  to  the  number  of  coal  beds  is  not 
correct. 

Resting  unconformably  upon  the  coal-bearing  rocks  is  a  formation 
consisting  of  conglomerate  at  the  base,  overlain  by  pink  shale  and 
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coarse,  friable  sandstone,  with  deep-red  or  vermilion  sandstone,  shale, 
and  pink  cherty  limestone  near  the  top.  This  formation  is  identical 
in  physical  character  with  the  Eocene  sediments  of  the  plateau  to  the 
east,  and  although  no  fossils  were  obtained  to  confirm  the  correlation, 
it  is  imquestionably  of  Eocene  age.  This  formation,  together  with 
the  underlying  coal  measures,  is  faulted  and  intersected  by  dikes  of 
andesite  and  rhyolite;  it  is  also  overlain  by  masses  of  the  same  rocks. 

QUAIilTY  OF  COAIi. 

Seven  samples  of  coal  were  collected  from  the  Iron  County  mines. 
The  samples  were  taken  across  the  beds,  quartered  and  pulverized 
in  the  mines,  and  sent  in  sealed  cans  to  the  chemical  laboratory  of 
the  United  States  Geological  Survey  fuel-testing  plant  at  St.  Louis, 
Mo.     The  results  are  as  follows: 

Proximate  analyses  of  coals  from  Iron  County  ^  Utah, 

« 

[F.  M.  Stanton,  analyst.] 


I. 

IL 

IIL 

IV. 

V. 

VL 

VII. 

Laboratory  No 

3687 

3760 

3761 

3762 

3830 

3793 

3794 

Analysis  of  sample  as  received: 

Moisture 

13.20 

35.58 

41.75 

9.47 

4.42 

4.92 
37.96 
43.18 
13.94 

6.56 

5.24 
39.82 
43.44 
11.50 

6.81 

8.54 

36.45 

46.22 

8.79 

5.85 

13.35 

38.34 

42.95 

5.36 

5.74 

11.01 
10.39 
36.00 
42.51 
3.27 

4.61 

Volatile  matter 

5.11 

Fixed  carbon 

47.31 

Ash 

42.97 

Sulphur 

4.44 

Loss  of  moisture  on  air  dryinjr 

5.40 

2.10 

1.70 

2.30 

5.00 

7.90 

2.40 

Analysis  of  air-dried  sample: 

Moisture 

8.24 
37.62 
44.13 
10.01 

4.67 

2.88 
38.77 
44.11 
14.24 

6.70 

3.60 
40.51 
44.19 
11.70 

6.93 

6.38 
37.31 
47.31 

9.00 

8.80 

4a  35 

45.21 

5.64 

6.04 

3.38 
11.28 
39.18 
46.16 

3.55 

2.26 

Volatile  matter 

5.24 

Fixed  carbon 

48.47 

Ash 

44.03 

Sulphur 

4.55 

I.  Sec.  24,  T.  37  S.,  R.  11  W.;  near  top  of  plateau,  altitude  8,900  feet. 

II.  BE.  i  sec.  4,  T.  37  S.,  R.  10  W.;  Coal  Cfreek  canyon,  altitude  7,900  feet. 

III.  Sec.  25  (?).  T.  36  8..  R.  10  W.;  near  top  of  plateau,  altitude  about  8.700  feet. 

IV.  SE.  i  sec.  36.  T.  36  8.,  R.  10  W.;  Coal  Creek  canyon,  altitude  7,200  feet. 

V.  Sec.  28.  T.  37  8.,  R.  11  W.;  near  top  of  plateau,  altitude  8,500  feet. 

VI.  Four  miles  north  of  New  Harmony;  altitude  0,200  feet. 

VII.  Do. 

The  coal  of  the  plateau,  so  far  as  examined,  has  not  been  notably 
affected  by  local  metamorphism.  It  is  uniform  in  character,  and 
black  and  glistening  in  appearance  when  first  taken  from  the  mine, 
although  it  soon  slacks  when  exposed  to  the  air.  It  is  locally  called 
black  lignite,  but  in  the  absence  of  ultimate  chemical  analyses  no 
attempt  is  here  made  to  classify  it. 

More  is  to  be  said,  however,  of  the  New  Harmony  coal,  which  has 
been  greatly  disturbed  by  faulting,  crushing,  and  intrusions  of  igne- 
ous rock  and  metamorphosed  to  a  semianthracite.  The  develop- 
ment of  the  coal  prospects  is  yet  at  an  experimental  stage,  and  in 
few  places  was  clean,  uncrushed  coal  to  be  foimd.  The  samples  taken 
in  the  usual  way  across  the  beds  include  much  foreign  matter  from 
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the  crushed  portions,  causmg  the  high  percentage  of  ash  shown  in 
the  analyses.  The  uncrushed  parts  show  bright,  glistening  cleavage 
faces  and  contain  much  smaller  percentages  of  ash  than  those  shown 
in  analyses  6  Und  7  of  the  foregoing  table. 

Three  selected  samples  of  this  coal  have  been  analyzed  by  Herman 
Harms,  State  chemist  of  Utah,  with  results  as  given  below.  The 
information  was  kindly  furnished  by  Robert  A.  Kirker,  manager  of 
the  Harmony  Coal  Company's  mines. 

Analyses  of  selected  samples  of  coal  from  the  New  Harmony  mines. 

[Herman  Uarms,  analyst.] 


Weight  of  sample ounces. 

Moisture  at  115"  C percent. 

Combined  volatile  matter do. . . 

Fixed  carbon do. . . 

Sulpbur do. . . 

Ash do... 


1. 


2. 


10.5 
1.28 

12.58 

70.11 
4.38 

n.65 


9.5 
.81 
10.25 
75.11 

1.97 
13.83 


3. 


3.00 

.74 

12.93 

73.72 

2.64 
12.61 


Probably  the  most  important  consideration  in  regard  to  the  coal 
of  Iron  County  is  its  proximity  to  the  deposits  of  iron  ore  in  the 
Iron  Mountains.  The  ore  is  too  remote  from  the  existing  smelters 
to  be  profitably  utilized  at  the  present  time.  The  iron  properties, 
however,  are  being  rapidly  acquired  by  large  operators  and  will 
eventually  be  productive.  It  is  possible  that  the  coal  might  be  used  for 
smelting  the  ore  near  the  mines.  The  New  Harmony  semianthracite 
may,  perhaps,  prove  satisfactory  for  this  purpose  if  it  can  be  obtained 
suflBciently  free  from  impurities,  but  the  coal  of  the  plateau  would 
require  coking. 

Reports  differ  regarding  the  coking  qualities  of  the  coal.  To  judge 
from  local  accounts  it  produces  a  coke  of  inferior  quality.  A  satis- 
factory coke  is  said  to  have  been  made  from  it  recently  by  some 
secret  process,  but  the  writer  was  not  able  to  learn  where  or  by  whom 
this  was  done. 


A  RECONNAISSANCE  SURVEY  OF  THE  WESTERN  PART 
OF  THE  DURANGO-GALLUP  COAL  FIELD  OF  COLO- 
RADO AND  NEW  MEXICO." 


By  Millard  K.  Shaler. 


INTRODUCTION^. 

The  area  of  the  Durango-Gallup  coal  field  includes  13,500  square 
miles,  of  which  1,900  lie  in  Colorado  and  the  remainder  in  New 
Mexico.  The  total  production  of  coal  in  this  field  in  1905''  was  about 
660,600  short  tons,  valued  at  nearly  $1,000,000,  exclusive  of  coke,  of 
which  about  12,000  short  tons  were  produced.  The  entire  tonnage 
of  the  field  is  estimated  at  80,000,000,000  short  tons,  by  figuring  con- 
servatively on  a  total  workable  thickness  of  6  feet  imderlying  the 
area,  although  10  feet  is  probably  a  closer  approximation  of  the 
average. 

The  Durango-Gallup  coal  field  extends  from  the  latitude  of  Durango, 
Colo.,  on  the  north  to  the  latitude  of  Salt  Lake,  70  miles  south  of 
Gallup,  N.  Mex.,  on  the  south,  a  distance  of  about  200  miles.  Chama, 
Elvado,  and  the  Sierra  Nacimiento,  in  longitude  106°  45',  arc  situated 
near  the  eastern  boundarv  of  the  field,  and  its  western  limit  is  the 
New  Mexico-Arizona  boundary  line.  The  width  of  the  field  is  about 
150  miles.     (See  PI.  XXII.) 

In  altitude  the  surface  ranges  from  5,000  to  0,000  feet,  with  an 
average  of  about  6,500  feet.  The  topography  is  varied,  but  on  the 
whole  the  country  is  an  open  plateau  in  which  the  streams  have  cut 
valleys  nearly  1,000  feet  in  depth. 

This  paper,  as  may  be  seen  by  reference  to  the  map,  treats  only  of 
that  ])art  of  the  Durango-Gallup  field  lying  west  of  longitude  107® 
30' ;  hence  the  remainder  of  the  area  will  be  given  no  further  consid- 
eration.'' The  principal  towns  in  Colorado  within  the  region  here 
considered  are  Durango  and  Mancos,  located  on  the  Denver  and  Rio 

oTbis  pn^llminary  reiK>rt  will  Ix^  followed  by  a  fuller  description  of  the  entire  field,  now  In  prapa- 
ration,  which  will  appear  at  an  early  date  as  a  publication  of  the  Survey. 

b  Mineral  Resources  U.  S.    Figures  for  1906  are.  not  yet  available. 

e  For  a  pn^liniinary  report  on  the  entire  field,  but  more  particularly  on  the  eastern  part  of  it.  lea 
Schrader.  F.  C,  The  Durango-Gallup  coal  field:  DuU.  U.  S.  Geol.  Survey  No.  286. 1W6»  pp.  241-2 
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Grande  Railroad.  In  New  Mexico  Gallup.  McKinley  County,  situateil 
on  the  Atchison,  Topeka  and  Santa  Fe  Railway,  is  the  only  important 
toi*-n  in  the  area. 

The  coal  beds  occur  in  the  Upper  Cretaceous,  and  have  a  maximum 
thickness  of  nearly  SO  feet,  with  an  average  for  the  workable  beds  of 
about  10  feet.  The  better  coals  occur  in  the  northern  part  of  the 
area  in  the  Mesaverde  formation."  The  thicker  coal  beds  occur  in 
the  Laramie  formation,  but  they  are  of  poorer  quality  than  those  of 
the  Mesaverde.  Coal  beds  also  occur  in  the  Mancos  and  Dakota  for- 
mations. The  character  of  the  coals  varies  from  subbituminous^ 
to  a  good  grade  of  bituminous. 

The  field  work  op  which  this  report  is  based  was  of  a  rapid  reconnais- 
sance nature  throughout  and  was  done  mainly  during  the  autumn  of 
1906.  For  assistance  in  the  preparation  of  the  report,  the  writer 
\^'ishes  to  acknowledge  his  indebtedness  to  Mr.  James  H.  Gardner, 
who  rendered  valuable  services  in  both  field  and  office. 

GEXKRAL.  GEOLOGY. 
STRATIGRAPHY. 

Fossils  collected  by  this  party  in  4906  and  by  Schrader's  party 
during  the  previous  year,  which  were  studied  by  Stanton  and  Knowl- 
ton.  indicate  that  the  several  formations  observed  and  mappeil  in 
the  field  have  the  time  values  sho^'n  in  the  accompanying  table.  In 
classifying  the  Cretaceous  sediments  the  formation  names  of  Cross ^ 
are  followed  as  nearly  as  their  limits  could  be  interpreted. 

''Cross.  Whitman.  Geologic  XXIms  U.  S..  La  Plata  folio  iNo.  tiO>.  U.  S.  Ool.  Survey.  lz$99. 
'-  The  term  suhbi luminous  has  been  adopted  by  the  Geological  Survey  for  that  class  of  coal  com- 
monly known  as  "  black  lignite." 
f  Op.  cit. 
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The  Dakota  is  the  basal  formation  of  the  Cretaceous  in  this  region. 
Below  it  occur  the  Jurassic-Triassic  rocks,  whose  upper  beds  range  in 
character  from  the  typical  ''variegated  marl  series"  of  Newberry 
to  massive  vermilion  or  white  saccharoidal  sandstone.  An  abrupt 
change  from  the  prevailing  drab  and  tan  colors  of  the  Cretaceous 
rocks  to  the  red,  purple,  and  white  of  the  underlying  Mesozoic  marks 
distinctly  the  lower  limit  of  the  coal-bearing  formations  of  the  field. 

The  Mancos  shale,  which  conformably  overlies  the  Dakota,  shows 
a  considerable  thinning  toward  the  south.  The  basal  two-thirds  of 
the  formation  maintains  to  a  remarkable  extent  the  same  character- 
istics that  mark  the  whole  formation  in  the  vicinity  of  Mancos,  its 
type  locality,  but  a  pronounced  though  gradual  change  occurs  in  its 
upper  portion.  Thin  sandstone  and  coal  beds  of  the  upper  part  of 
the  Mancos,  their  total  thickness  comprising  150±  feet  north  of 
Salt  Lake,  outcrop  over  a  wide  area  in  the  Zuni  Basin  and  gradually 
grade  upward  into  the  Mesaverde.  Fossils  collected  from  a  sand- 
stone member  20  feet  below  the  lowest  coal  bed  mined  between  Black- 
rock  and  Ramah  are  bey.nd  doubt  of  Colorado  age.  No  fossils 
were  found,  however,  in  any  bed  closely  overlying  this  coal;  hence 
there  seem  to  be  possible  groimds  for  believing  that  it  lies  within 
the  Mesaverde  formation. 

Throughout  its  outcrop  the  Mesaverde  maintains  in  greater  part 
the  same  lithologic  character  as  in  the  vicinity  of  Durango.  As  will 
be  seen  by  a  reference  to  the  table,  it  becomes  somewhat  thicker  to 
the  south  and  contains  a  greater  number  of  coal  beds.  In  the  part 
of  the  field  near  Durango  the  coal  beds  occur  near  the  basal  sand- 
stone of  the  formation ;  in  Mesa  Verde  and  the  southern  part  of  the 
field  coal  is  present  near  both  its  upper  and  lower  limits. 

The  Lewis  shale,  like  the  Mancos,  though  in  a  greater  degree,  was 
observed  to  thin  toward  the  south  from  1,600  feet  on  San  Juan 
River  to  250  feet  at  the  mouth  of  Coal  Creek  on  Rio  Chaco.  In  the 
north  wall  of  Chaco  Canyon,  near  the  mouth  of  (^oal  Creek,  fossils 
were  collected  near  the  top  of  the  Mesaverde  from  a  limy  sandstone 
immediately  overlying  a  coal  bed.  A  short  distance  stratigraphic- 
ally  above  this  sandstone  occurs  a  shale  bed  250  feet  thick,  having 
the  lithologic  characteristics  of  the  Lewis.  This  shale  is  succeeded 
by  the  massive  basal  sandstone  bed  of  the  Laramie,  which  is  over- 
lain  l)v  coal.  The  same  thickness  of  Lewis'  shale  was  noted  at  sev- 
eral  points  farther  east,  up  the  Chaco,  establishing  beyond  question 
the  notable  thinning  of  this  formation  from  its  outcrop  along  the 
north  side  of  the  field. 

The  Animas  beds  outcrop  only  in  a  narrow  belt  along  the  north 
border  of  the  field,  thinning  rapidly  both  east  and  west  from  Animas 
River.  If  present .  at  all  in  the  central  part  of  the  area,  they 
are  hidden  by  the  Puerco  marl,  wliich  north  of  Pueblo  Alto  appar- 
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ently  overlaps  the  Cretaceous  rocks.  Unconsolidated  white  sand, 
unquestionably  of  Puerco  age,  here  lies  in  contact  with  an  irregular 
siu^ace  of  Laramie  coal  immediately  overlying  the  basal  sandstone 
member  of  that  formation.  At  this  place  the  outcropping  Laramie 
is  only  about  200  feet  thick. 

The  upper  and  lower  limits  of  the  Puerco  marl  are  difficult  to  deter- 
mine in  the  area  of  flat-lying  beds  near  Rio  Chaco.  There  is  nearly 
everywhere  a  marked  gradation  between  these  rocks  and  the  Lara- 
mie, although  the  main  body  of  the  Puerco  is  easily  distinguished  by 
the  presence  in  it  of  fossil  mammal  remains  and  silicified  wood. 

STRUCTURE. 

The  structure  of  the  Durango-Gallup  field  is  comparatively  simple. 
The  field  consists  in  a  general  way  of  a  huge  basin,  complicated  in 
its  southwestern  portion  (Zuni  Basin)  by  what  might  be  termed  a 
crumpling  of  its  upturned  edge.  This  crumpling  produced  a  syncline 
with  north-south  axis,  parallel  to  which  minor  flexures  occur  near 
Gallup,  in  the  middle  of  the  basin  thus  formed.  The  structure  sec- 
tions on  PI.  XXIII  depict  in  a  general  way  these  relations.  On 
accoimt  of  the  intimate  association  of  structure  and  topographic 
features,  however,  it  seems  well  to  discuss  here  the  main  disturbances 
of  the  strata. 

The  disturbances  in  the  northern  part  of  the  area  are  distinctly 
traceable  to  two  periods — the  close  of  the  Cretaceous  and  the  early 
Tertiary.  The  main  folding  in  this  part  of  the  area  occurred  after 
the  close  of  the  Cretaceous  period.  It  was  the  result  of  an  uplift  in 
the  San  Juan  Moxmtain  region,  lying  to  the  north,  and  was  later 
than  the  deposition  of  the  Animas  beds.  This  disturbance  resulted 
in  two  folds  of  the  monoclinal  type,  trending  in  general  southwest- 
ward.  These  folds  are,  at  the  longitude  of  La  Plata  River,  20  miles 
apart ;  but  at  Animas  River  and  farther  east  they  coalesce,  forming 
south  of  Durango  a  series  of  sharp-crested  hogbacks  trending  east 
and  west.  The  northern  fold  has  everywhere  upturned  the  pre- 
Laramie  strata.  The  fold  dies  out  in  the  Mesa  Verde,  but  becomes 
pronounced  again  to  the  south,  where  these  rocks  are  sharply 
upturned  toward  the  east  in  the  **Great  Hogback,'*  near  Jewett, 
and  farther  south. 

On  La  Plata  River  near  Hesperus  the  dip  of  the  pre-Laramie  is 
5°  to  10°;  but  farther  south  the  rocks  flatten  and  descend  at  an 
angle  only  slightly  greater  than  the  grade  of  the  river.  At  a  point 
just  north  of  Pendleton,  N.  Mex.,  there  is  a  second  monocline  which 
Holmes  **  has  called  the  San  Juan  fold.  A  change  of  dip  occurs 
here,  and  the  Laramie  rocks,  dipping  10°  to  20°  SE.,  cross  the  river 

o  Tlolmes,  W.  H.,  Geology  of  the  San  Juan  district:  Nintli  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Survey 
Terr.,  1877,  pp.  237-876. 
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in  a  low  northward-facing  hogback.  East  of  McDermott  Arroyo  the 
San  Juan  fold  continues  northeastward,  forming  the  Basin  Mountains, 
which  at  longitude  108°  swing  eastward  and  cross  Animas  River  at 
Carbon  Junction,  where  this  fold  merges  with  the  northern  fold. 
Southwest  of  La  Plata  River,  trending  parallel  to  the,Great  Hogback, 
the  San  Juan  fold  presents  a  westward-facing  escarpment  of  Laramie 
rocks,  which  form  the  eastern  boundary  of  the  Vegas,  or  Meadows. 
The  fold,  coalescing  with  the  Great  Hogback,  crosses  San  Juan  River 
at  Fruitland,  the  Laramie  strata  dipping  at  an  angle  of  less  than  2^ 
and  flattening  toward  the  south.  At  Cottonwood  Creek  they  are 
practically  horizontal. 

The  disturbance  .of  the  strata  in  the  northern  part  of  the  field  after 
the  close  of  the  Cretaceous  was  followed  by  a  period  of  quiet,  during 
which  a  part,  or  possibly  all,  of  the  Tertiary  sediments  were  deposited. 
Then  came  a  second  uplift  in  the  San  Juan  Mountain  region,  accom- 
panied and  perhaps  caused  by  igneous  intrusion.  This  disturbance 
resulted  in  a  farther  southward  tilting  of  the  Cretaceous  rocks  in  the 
extreme  northern  part  of  the  area  and  a  consequent  tilting  of  the  over- 
lying Tertiary  beds.  As  can  be  seen  from  the  Animas  River  structure 
section  (PI.  XXIH),  neither  of  these  disturbances  afl^ected  the  beds 
for  any  great  distance  away  from  the  mountains.  The  folds  are 
sharp,  but  the  strata  flatten  within  a  very  short  distance  to  the 
south. 

South  of  San  Juan  River  and  north  of  Zuni  Basin  the  disturbances 
of  the  strata  are  comparatively  simple.  After  the  close  of  Cretaceous 
time,  folding  of  the  monoclinal  type  occurred,  affecting  only  the  pre- 
Laramie  sediments  to  any  considerable  degree.  The  result  of  this 
disturbance  is  shown  in  the  southward  extension  of  the  Great  Hog- 
back, which,  trending  west  of  south  from  San  Juan  River,  presents  a 
succession  of  low  serrated  peaks  and  sharp-crested  ridges  to  the 
point  where,  near  Crozier,  it  disappears  under  the  flat-lying  Tertiary 
sediments  of  the  Choiskai  Mountains.  This  monocline  involves  the 
strata  of  the  coal-bearing  Mesaverde  formation  and  the  upper  part 
of  the  Mancos.  It  presents  a  westward-facing  escarpment  throughout 
its  length,  the  strata  showing  eastward  dips  of  35°  to  50°. 

After  the  deposition  of  the  Tertiary  sediments,  eruptions  of  tuffa- 
ceous  lava  and  later  intrusions  of  biotitic  monchiquite  dikes  occurred 
in  the  region  south  of  San  Juan  River.  Ship  Rock,  Bennett,*  and 
Ford  peaks,  the  dikes  radiating  therefrom,  and  the  lava  flow  capping 
the  northern  portion  of  the  Choiskai  Mountains  are  results  of  this 
volcanic  outburst. 

The  structure  of  Zuni  Basin  has  already  been  ascribed  to  the 
crumpling  of  the  upturned  rim  of  the  major  basin.  Apparently  all 
of  the  folding  occurred  just  after  the  close  of  Cretaceous  time.  On  the 
west  the  basin  is  bounded  by  the  Defiance  monocline,  which  is  the 
southward  extension  of  the  Great  Hogback  after  it  reappears  east 


r.  \ 
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of  Fort  Defiance,  Ariz.,  from  beneath  the  Tertiary  covering  in  the 
Choiskai  Mountains.  This  fold  extends  southward  and  is  crossed  by 
the  Atchison,  Topeka  and  Santa  Fe  Railway  west  of  Manuelito; 
thence  it  trends  in  a  southerly  direction  to  the  latitude  of  Zuni 
village,  where  its  axis  lies  about  2  miles  east  of  Blackrock.  On  the 
north  the  rocks  dip  steeply  eastward,  but  south  of  Manuelito  the 
strata  flatten  until  south  of  Zuni  the  dip  is  very  low. 

As  will  be  seen  by  reference  to  the  north-south  structure  section 
through  the  basin  (PI.  XXIII),  the  rocks  north  of  Salt  Lake  dip 
northward  at  a  very  low  angle  to  a  fault  near  the  latitude  of  Ojo 
Caliente.  This  fault  has  an  upthrust  on  the  north  which  at  a  point 
about  a  mile  south  of  Ojo  Caliente  brings  Carboniferous  (Aubrey?) 
limestone  in  contact  with  the  upper  part  of  the  Mancos.  The  strike 
of  the  fault  is  south  of  east,  but  at  a  distance  of  a  few  miles  it  is 
obscured  beneath  the  great  lava  flow  that  covers  a  wide  area  south 
of  Tarche.  The  Nutria  monocline  of  Gilbert^  bounds  the  Zuni 
Basin  on  the  east.  The  westward  dip  of  the  upturned  beds  reaches  a 
maximum  of  70°  near  Nutria,  but  averages  about  45°  between  Gallup 
and  Nutria.  Toward  the  south  the  strata  of  the  monocline  flatten 
rapidly  until  at  Kamah  and  beyond  the  dip  is  less  than  10°.  North 
from  the  Santa  Fe  Railway  east  of  Gallup  the  dip  gradually  diminishes 
and  its  direction  changes  to  northwest.  Finally  the  rocks  dip  to  the 
north  at  an  angle  not  exceeding  5°,  and  their  gently  upturned  edges 
form  the  rim  of  the  major  basin  to  and  beyond  the  eastern  limit 
of  the  area  under  discussion.  The  structure  of  the  interior  of  the 
basin  is  shown  by  the  section  drawn  from  Durango  southward 
through  Putnam  (PI.  XXIII). 

Careful  lithologic  and  paleontologic  examination  of  the  strata 
failed  to  reveal  any  displacement  along  either  the  Great  Hogback, 
its  southern  extension,  the  Defiance  monocline,  or  the  Nutria  mono- 
cline.* At  short  distances  away  from  these  sharp  flexures  the  strata 
flatten;  hence  the  basins  between  the  folds  are  shallow.     " 

In  Zuni  Basin  a  period  of  remarkable  volcanic  activity  followed 
at  apparently  a  considerable  interval  after  the  deposition  of  the 
Tertiary  sediments.  From  the  eruptive  centers,  most  of  them 
probably  some  distance  east  of  the  coal  field,  great  flows  of  basic 
lava  were  poured  westward,  covering,  as  can  be  seen  by  a  reference 
to  the  map  (PI.  XXII,  p.  376),  a  large  area  in  this  basin.  Gilbert*^ 
describes  in  detail  the  remarkable  extent  of  this  lava  flow,  of  which 
only  a  comparatively  small  tract  lies  within  the  boundaries  of  the 
coal  field. 

o  GillKjrt.  G.  K.,  U.  S.  Geog.  Survey  W.  100th  Mor.,  vol.  3,  1875,  pp.  550-553. 

f>  Both  Newl)erry  and  Dutton,  in  reports  already  cited,  deduce  the  existence  of  a  lault  of  consid- 
erable downthrow  on  lh«  west  immediately  west  of  the  axis  of  the  abruptly  flexed  beds  in  the  Nutria 
monocline.  GiUwrt  and  Howell,  in  vol.  3  of  the  Wheeler  Survey  reports,  deny  the  existence  of  such  a 
fault. 

c  Op.  cit..  p.  525. 

9411— Bull.  316—07 26 
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COAI.. 

COAL-BEARING   FORMATIONS. 

The  coal  beds  of  this  iield  lie  at  various  horizons.  In  the  vicinity 
of  Durango  the  best  coal  occurs  in  the  Mesaverde  formation.  Coal 
was  mined  from  the  thicker  Laramie  beds  some  years  ago  at  what  is 
known  as  the  La  Plata  mine,  southeast  of  Durango,  and  at  the  Car- 
bonero  mine,  on  the  Denver  and  Rio  Grande  Railroad  below  Durango 
in  Animas  Valley.  When  it  was  found,  however,  that  the  Laramie 
coals  were  so  much  inferior  to  those  of  the  Me^averde  that  they  could 
not  compete  with  them  in  the  market  the  Laramie  mines  were 
abandoned. 

On  La  Plata  River  near  Pendleton  and  on  San  Juan  River  at  Fruit- 
land  coal  has  been  mined  for  a  number  of  years  for  local  consumption 
and  to  supply  the  market  at  Aztec  and  Farmington.  The  coal  is  the 
Carbonero  bed  of  the  Laramie  formation.  East  of  Fort  Defiance, 
Ariz.,  and  in  New  Mexico,  coal  has  been  mined  since  1894  from  beds 
near  the  base  of  the  Mesaverde  formation; 

In  the  vicinity  of  Gallup  the  coals  mined  are  contained  in  the 
Mesaverde;  they  are  good  grade  subbituminous  coals  and  occur  in 
beds  up  to  8i  feet  in  thickness.  Between  Nutria  and  Blackrock  coal 
has  been  mined  for  the  last  three  or  four  years  from  two  beds  about 
40  inches  thick,  occurring  in  the  up|)er  part  of  the  Mancos  formation. 
The  coal  is  a  good  grade  of  subbituminous,  and  is  used  successfully 
as  fuel  at  the  Indian  school  at  Blackrock  and  in  the  construction  of  a 
large  dam  at  that  place. 

At  nearly  every  locality  where  the  Dakota  formation  outcrops 
within  the  area,  coal  is  present.  Although  generally  of  poor  quality, 
it  becomes  locally  high-grade  bituminous.  North  of  Mancos  it  is 
mined  on  a  small  scale. 

DETAILED  DESCRIPTIONS. 

For  convenience  in  description,  the  area  under  discussion  is  divided 
into  five  districts,  which  will  be  described  in  order  of  location  from 
north  to  south. 

DURANGO    MESA    VERDE    DISTRICT. 

The  Durango-Mesa  Verde  district  includes  the  Colorado  portion  of 
the  field,  extending  westward  from  Florida  Kiver.  The  largest  town 
in  this  district  is  Durango,  a  county  seat  having  a  populaticm  of  about 
4,000.  Other  towns  are  Porter,  Hesperus,  Mancos,  and  C'ortez.  The 
Denver  and  Kio  Grande  Railroad  furnishes  eastern  and  northern  out- 
lets for  the  district,  and  its  branch  line  down  Animas  Valley  connects 
Durango  with  the  rich  San  Juan  Valley  country.  The  Kio  Grande 
Southern  Railway  connects  Durango,  by  way  of  Porter,  Hesperus,  and 
Mancos,  with  the  mining  region  about  Rico  and  Telluride. 


DURAN(i()-(JALLUP   COAL    FIELD,   COLORADO-NEW    MEXICO.       385 

The  coals  of  this  district  occur  in  three  formations — the  Mcsaverde, 
Laramie,  and  Dakota,  named  in  tlie  order  of  tlie  value  of  their  coals. 
The  Dakota  coal  bed  is  nearly  everywhere  dirty  and  generally  is  not 
mined  where  other  coal  beds  are  available.  Its  maximum  observed 
thickness  is  about  7  feet,  including  bony  and  shaly  partings. 

The  Mesaverde  coal  is  commercially  the  most  valuable,  though  not 
the  thickest  in  the  district.  The  maximum  observed  thickness  is  7 
feet,  but  the  average  for  the  workable  beds  is  much  less  than  this, 
being  probably  about  5  feet.  The  coal  is  of  excellent  quality  and  in 
the  vicinity  of  Durango  and  Porter  makes  good  coke,  which  is  exten- 
sively used  in  the  smelters  of  the  region. 

The  Laramie  coal  beds  are  the  largest  in  the  district,  the  maximum 
observed  thickness  of  an  individual  bed  being  about  80  feet,  including 
a  considerable  number  of  thin  partings  in  its  upper  part.  The  coals 
are  not  of  so  high  grade  as  those  of  the  Mesaverde  formation  and  can 
not  at  ])resent  compete  with  them.  They  are,  however,  good  bitumi- 
nous coals  and  undoubtedly  A\nll  be  of  great  value  under  better  con- 
ditions of  transportation  and  market. 

The*  coal  beds  outcropping  between  Florida  River  and  the  town  of 
Mancos  will  be  given  only  a  cursory  treatment  here.** 

Four  workable  Laramie  coal  beds  occur  at  the  abandoned  La  Plata 
mine,  3  miles  southeast  of  Durango.  Openings  were  made  in  three  of 
the  coal  beds,  which  exposed  the  following  section:'' 

Sfction  of  ccHil-beariiuf  strata  at  La  Plata  viinc,  3  miks  southeast  of  I>urango, 

I'ppcr  or  Ptmcock  IhkI: 

ShiJo  r(K>f.  Ft.      In. 

Coal 1      8 

Siiii(lston<»,  t»haly 2-4 

Coal 3      2 

Coal,  bony 3 

Coal ^ 7 

Shale 4 

Coal 2      7 

Fin'  ('lav. 

Shah'  and  sandstone 75 

Sandstone,  brown 3 

Jumbo  bed: 

Coal,  with  niai^'  shale  and  bono  partings 20 

Sandstone  and  sliivle 50 

Fairmont  bed: 

Coal,  with  bands  of  sliah?  and  bony  cmxl 15 

Shale  ami  sandstone 100 

Lower  bed: 

C(»al 4 

275     10 

"  For  ji  (l«'tall«'<l  roport  on  this  Hrea,  «»«•  pjipor  by  Joseph  A.  Tuff,  pp.  321-337  of  this  bulletin. 
b  At  the  lime  <»1  tlie  writer's  vi.sit  the  Fiiirmont  l)od  hu<i  iKH'n  burning  for  raoro  than  two  years,  and 
the  entry  on  tlie  Jumbo  IkhI  was  filled  with  water,  hence  accuracy  of  measurement  was  Impossible. 
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Most  of  the  output  of  the  La  Plata  mine  was  from  the  Fairmont  bed, 
which  contains  an  upper  bench  of  coal  about  4  feet  thick  that  is  free 
from  impurities.     The  strata  dip  southeastward  at  an  angle  of  28®. 

At  Carbon  Junction,  near  Animas  River,  all  these  beds  coalesce, 
fonning  the  Carbonero  bed,  which,  including  several  thin  bony  and 
shaly  partings,  attains  a  total  thickness  of  nearly  100  feet.  It  is 
doubtful  if  more  than  one-third  of  this  bed  can  be  mined  because  of 
the  numerous  partings.  Several  benches  of  clean  coal  up  to  5  feet  in 
thickness  are,  however,  present  in  this  mammoth  bed,  and  probably 
can  be  worked  economically. 

Farther  west,  at  Indian  Creek,  the  Carbonero  bed  appears  to  split 
into  several  beds  as  at  the  La  Plata  mine.  The  same  condition,  but 
to  a  less  extent,  was  observed  east  of  ''Burned  Timber,'*  near  the 
Hesperus-Laplata  wagon  road.  One  of  the  beds  is  20  feet  thick, 
including  two  thin  unimportant  partings. 

The  Peacock  bed  of  the  Mesaverde  formation  is  mined  by  the  Calu- 
met Fuel  Company  on  Perrine  Peak  west  of  Durango.  The  coal  is 
of  excellent  quality,  and  produces  a  good  grade  of  coke.  The  area  of 
the  present  workings  is  about  12  acres.  The  following  section,  meas- 
ured 1,200  feet  in  the  mine,  gives  a  good  idea  of  the  condition  of  the 
coal  bed: 

Section  of  coal  bed  in  Perrine  Peak  min-e,  west  of  Durango. 

Shall*  HK^f.                                                                                          Ft.  in. 

Coal G  lOi 

Shale (i-8 

(>)al 3i 

Shale  ilcM  >r  ( ? ) .  

7        9i 

The  coal  bed  mined  at  Perrine  Peak  is  locallv  considered  to  bo  the 
same  as  the  bed  mined  at  Hesperus  and  the  upper  bed  mined  at  Por- 
ter. Though  this  coal  obtained  as  far  west  as  Porter  coke^  in  the 
ordinary  beehive  oven,  tests  at  Hesperus  have  not  yielded  satisfactory 
results. 

The  length  of  the  main  entry  of  the  Hesperus  mine  is  about  4,800 
feet  in  the  direction  of  the  dip,  which  is  to  the  south  at  an  average 
angle  of  7°.  The  bed  ranges  in  thickness  from  4  feet  10  inches  to 
()  feet  6  inches  and  locally  a  thin  parting  is  present.  The  following 
section  was  measured  where  the  sample  was  taken  for  analysis: 

Sectirm  of  coal  bed  in  Hesperus  mine. 

Ft.      In. 

Coal 3  10 

IJonc J 

C<  K\\ 1  6 

■  Coal,  honv,  variable* 1  3 

SaiidstoiK'  floor.  

6      7i 
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Along  the  outcrop  of  the  Mesaverde  formation  numerous  test  open- 
ings have  been  made  which  prove  the  generally  uniform  thickne^ss 
and  good  character  of  the  coal  beds  of  this  formation.  Between 
Spring  and  Deadman  gulches  a  natural  exposure  shows  the  presence 
of  four  beds,  one  of  which  is  4  feet  thick. 

In  Alkali  Gulch  on  the  Crawford  ranch  a  prospect  tunnel  driven 
into  the  east  bluff  shows  one  of  the  Mesaverde  coals  measuring  about 
5  f(^et,  which  appears  to  be  of  the  same  character  as  the  Hesperus  bed. 
The  rocks  in  Alkali  Gulch  have  a  low  dip  to  the  south. 

A  Mesaverde  coal  bed  has  recently  been  opened  on  the  Wiltsey 
farm  in  Hay  Gulch,  by  an  entry  driven  on  the  bed  for  a  distance  of 
150  feet.     A  section  of  the  coal  is  as  follows: 

Section  of  coal  bed  in  Wiltsey  prospect  tunnel. 

Sandstone.                                                                                         Ft.  in. 

Coal 2 

Coal,  l>ony 4 

Coal 4  4 

Shal<s  bituminous.  

G      8 

This  coal  resembles  the  Hesperus  coal  and  probably  is  of  equally 
good  quality.  The  strata  in  Hay  Gulch  have  a  low  southeasterly  dip, 
thus  making  it  possible  for  the  coal  beds  of  the  Mesaverde  to  be 
reached  at  comparatively  slight  depth  over  a  wide  area  lying  to  the 
southeast,  embracing  the  greater  part  of  Fort  Lewis  Mesa. 

Seven  miles  north  of  Mancos,  at  the  Haller  mine,  an  entry  has 
recently  been  driven  for  about  55  feet  on  a  Dakota  coal  bed.  The 
coal  is  reported  to  be  a  coking  coal  and  to  work  well  in  the  forge.  The 
following  section  is  exposed  in  the  tunnel : 

Section  of  coal  bed  in  the  Haller  mine,  7  miles  north  of  Mancos. 

Ft.    in. 

Coal 10+ 

Shalo 2      6 

Coal 1      3 

Shale 6 

Coal 1      6 

Coal,  iM^ny 8 

Coal 1      5 

Sandstone J 

Coal 1      3 

Bony  coal  floor.  

9     llj 

The  same  bed  has  been  mined  on  the  east  branch  of  Mud  Creek  3  J 
miles  northwest  of  Mancos.  An  entrv  has  been  driven  here  for  220 
feet,  and  from  it  the  coal  bed  has  been  worke<l  for  an  equal  dis- 
tance on  either  side.  The  coal  measures  4  feet  3  inches,  including  two 
bony  partings  of  1  inch  each.  The  roof  is  bony  coal  and  the  floor 
fire  clay.  The  quality  of  the  coal  is  apparently  the  same  as  at  the 
Haller  mine. 
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MESA    VERDE    REGION. 

South,  southeast,  and  southwest  of  Mancos  the  Mesaverde  coal 
beds  are  exposed  in  the  escarpments  of  Mesa  Verde.  This  mesa  is  a 
high  table-land  bounded  on  the  north,  west,  and  south  by  perpen- 
dicular cliffs.  Its  character  is  shown  best  by  the  cross  sections 
(PI.  XXIII,  p.  382).  Two  escarpments  formed  of  massive  sandstones 
of  the  Mesaverde,  underlain  by  soft  clay  shale,  are  prominent  features 
of  the  mesa  cliffs.  The  lower  one  forms  the  base  and  the  upper  the 
top  of  the  Mesaverde  formation;  they  were  called  by  Holmes"  the 
Lower  Escarpment  and  Upper  Escarpment  sandstones. 

In  Mesa  Verde  two  workable  coals,  the  Upper  and  Spencer  beds, 
are  separated  by  about  300  feet  of  shales  and  sandstones,  with  several 
thin  coal  beds.  The  Spencer  bed  outcrops  near  the  mouth  of  Mancos 
Canyon,  and  the  Upper  bed  appears  still  farther  south. 

The  Wood  and  Spencer  mines  are  located  southeast  of  the  town  of 
Mancos,  in  sec.  36,  T.  36  N.,  R.  13  W.,  and  sec.  2,  T.  35  N.,  R.  13  W., 
respectively.  At  the  Spencer  mine  coal  has  been  taken  out  for  the 
local  market  for  eighteen  years.  The  coal  is  3  feet  thick  and  of  excel- 
lent quality.  The  roof  is  sandstone  and  the  floor  shale.  About  50 
feet  below  the  Spencer  is  another  good  coal  bed  38  inches  thi(!k.  The 
Spencer  bed  is  also  worked  at  the  Wood  mine,  which  has  been  recently 
opened.     A  section  of  the  coal  bed  at  tliis  place  is  as  follows: 

Section  of  coal  bed  in  Wood  mini',  Houthidftt  of  ^fa7lcos. 

Shal(».                                                                                                    Ft.  in. 

Coal 1  4 

Shale,  variable J-5 

Coal 3 

C(^)al,  bony : G 

Sandstone,  friable.  

5        1 

The  rocks  at  both  the  Spencer  and  the  Wood  mines  dip  about  3i° 
S.  30°  E.     The  coal  is  of  excellent  quality. 

In  the  followino;  descriptions  the  numbers  refer  to  localities  desig- 
nated by  corresponding  numbers  on  the  map  (PI.  XXII,  p.  376). 

No.  18:  In  sec.  35,  T.  35  N.,  R.  14  W.,  Fred.  Armstrong  and  others 
several  years  ago  prospected  the  wSpencer  bed,  exposing  4\  to  5  feet  of 
excellent  coal.  The  floor  is  massive  sandstone  and  the  roof  friable 
sandy  shale.  East  of  the  canycm,  in  sec.  19,  T.  35  X.,  R.  13  W.,  the 
same  coal  bed  is  reported  to  lie  practically  on  the  surface,  and  to  have 
a  thickness  of  more  than  3  feet. 

Nos.  19  and  20:  In  sec.  19,  T.  35  X.,  R.  14  W.,  the  Spencer  bed 
outcrops  in  the  head  of  Moccasin  (^anyon.  The  Up|)(*r  bed  shows 
2i  miles  farther  south.  At  neither  of  these  points  w(»re  the  beds 
examined  in  detail. 

anolmoa,  W.  II..  Geology  of  the  San  Juan  district:  Ninth  Ann.  Hopt.  U.  S.  (f«»l.  and  (It'og.  Survey 
Terr.,  1H77,  p.  264. 
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No.  21 :  The  Todd  mine,  in  sec.  28,  T.  35  N.,  R.  14  W.,  has  recently 
been  opened  on  the  Spencer  bed  by  Samuel  Todd  and  John  Bolster. 
The  ro(;ks  dip  southward  at  an  angle  of  7°.  The  coal  bed  ranges  in 
thickness  from  28  to  30  inches  and  lies  between  beds  of  firm  shale. 
Tlie  coal  burns  well,  leaving  a  very  small  amount  of  white  ash.  About 
:^0()  feet  above  the  Spencer  the  Upper  bed  outcrops  in  two  benches, 
separated  by  3  feet  of  shale,  and  is  underlain  by  hard  carbonaceous 
shale.  The  top  and  bottom  benches  measure,  respectively,  22  and  33 
inches.  Its  ciuality  appears  to  be  poorer  than  that  of  the  coal  at  the 
Wood  and  Spencer  mines. 

In  the  westward-facing  escarpment  of  Mesa  Verde,  coal  beds  occur 
at  intervals  throughout  400  feet  of  strata  lying  between  the  upper 
and  lower  sandstones. 

Xo.  22:  In  sec.  28,  T.  35  N.,  R.  16  W.,  the  lower  or  Spencer  bed 
is  l(\ss  than  30  inches  thick.  The  Upper  bed  is  split  by  a  parting 
into  two  benches.  A  natural  exposure  shows  the  following  section 
between  beds  of  hard  clay  slmle : 

Serf  ion  of  coal  bed  at  location  No.  22. 

Ft.  in. 

Coal 2  4 

Coiil,  Inmy 6 


Shal 


(' 


o 


1 


Coal 1      3 

6      2 

The  rocks  dip  7°  S.  The  coal  is  hard,  clean,  and  apparently  of 
good  quality. 

No.  23:  East  of  Bumham's  ranch,  near  the  southern  line  of  the 
Southern  Ute  Indian  Reservation,  the  coal-bearing  rocks  are  not 
well  exposed,  but  the  Upper  bed  is  apparently  present  and  possibly 
thicker  than  at  location  No.  22. 

No.  24:  In  the  mesa  cliff  2i  miles  east  of  Ute  Agency,  in  sec.  1, 
T.  33  N.,  R.  17  W.,  several  coal  beds  show  in  outcrop,  but  only  one  of 
these,  the  Upper  bed,  is  thick  enough  to  be  of  economic  value.  It 
lies  between  shale  bexls,  has  a  thickness  of  50  inches,  and  consists  of 
hard,  clean  coal. 

No.  25:  In  the  west  wall  of  Mancos  Canyon,  in  §ec.  15,  T.  34  N., 
R.  14  W.,  the  Spencer  bed  occurs  in  two  benches  of  20  inches  each, 
separated  by  12  inches  of  bony  coal.  The  roof  is  hard,  massive 
sandstone,  and  the  floor  shale.  The  presence  of  the  Upper  bed  was 
not  determined  at  this  location. 

Xo.  26:  One-half  mile  above  the  mouth  of  Fort  Lewis  Creek,  in 
sec.  31,  T.  34  N.,  R.  14  W.,  near  the  level  of  the  canyon  floor,  the 
Spencer  bed  outcrops,  showing  4  feet  of  clean,  hard  coal.  The  floor  is 
bony  coal  and  the  roof  clay  shale.  The  rocks  dip  south  at  an  angle 
of  5°. 
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No.  27 :  In  Cliff  Canyon  natural  exposures  in  the  canyon  walls  at 
two  points  show  the  general  unifonnity  in  occurrence  of  the  Upi>er 
and  Spencer  beds  throughout  the  mesa.  Near  the  moufh  of  Cliff 
Canyon,  in  sec.  3,  T.  33  N.,  R.  15  W.,  the  entire  thickness  of  coal- 
bearing  rocks  measures  only  about  200  feet.  The  Upper  bed  shows 
44  inches  of  hard,  clean  coal.  The  Spencer  bed  is  represented  by  14 
inches  of  coal  lying  between  beds  of  shale.  Between  the  Upper  and 
Spencer  beds  two  of  the  intermediate  thin  beds  of  other  localities  in 
the  mesa  have  locally  thickened,  one  to  20,  the  other  to  30,  inches  of 
good  coal.     The  rocks  here  lie  practically  flat.* 

No.  28:  Between  Spruce  Tree  House  and  Spring  House  forks  of 
Navajo  Canyon  only  the  Upper  bed  is  exposed,  the  Spencer  lying  at  a 
lower  level  than  the  canyon  floor.  The  exposed  bed  is  5  feet  thick, 
but  has  a  1-foot  shale  parting  in  the  middle,  which  is  easily  separable 
from  the  coal.     The  roof  and  floor  are  hard,  firm,  clay  shale. 

No.  29:  In  Ute  Canyon  150  feet  of  coal-bearing  strata  are  exposed, 
which  includes  both  the  Spencer  and  Ujfper  as  well  as  several  inter- 
mediate coal  beds  that  are  locally  of  economic  importance.  The 
following  section  is  exposed  in  the  canyon  walls: 

Section  in  Ute  Canyon. 
Shale.  I^.    In. 

Coal 1 

Shale,  black 4 

Coal 1 

Shale 20 

Coiil,  Upper 4      9 

Shale  and  thin  sandstone .10 

Coal 2 

Shale  and  thin  sandstone 25 

Coal 3     JS 

Shale  and  thin  sandstone 25 

Coal 4 

Shale  (principally) 100 

Coal,  Spencer 2 

222      3 

No.  30:  In  the  south  cliff  of  Mancos  Canyon,  just  above  the  mouth 
of  Navajo  Canyon,  the  following  section  is  exposed,  the  lowest  coal 
bed  of  which  lies  about  400  feet  above  river  level : 

Section  of  coal'hearimj  rocks  at  location  No.  SOy  in  Mancos  Canyon, 

Ft.    in. 

Upper  sandstone 250 

Shale  with  coal  streaks 30 

Coal,  free  from  partings 3    10 

Shale,  black 35 

Coal 2 

Shale,  black 5 

Sandstone 12 

Shale,  black 5 
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Ft.    in. 

Coal , 6 

Shalo,  black G 

Coal [ 1      2 

Shalo,  black 15 

Coal 1 

Shale,  black 10 

Coal 1       8 

Sandstone 1 

Coal 1      4 

Shale,  black 45 

Coal 1     10 

426      5 

Several  of  the  coal  beds  of  the  above  section  are  accessible  for 
mining  and  are  of  workable  thickness  and  quality. 

No.  31:  About  IJ  miles  up  the  canyon  from  the  locality  just  de- 
scribed an  intrusive  body  of  basic  lamprophyre  with  radiating  dikes 
of  the  same  material  occurs  in  the  south  canyon  wall.  Just  below 
this  igneous  rock  a  bed  of  excellent  coal  outcrops  about  20  feet  above 
the  river  level.  The  bed  is  47  inches  thick,  without  partings,  and  has 
a  firm  shale  roof  and  bony  coal  floor.  It  is  easily  accessible  and  lies 
practically  horizontal. 

No.  32:  The  subjoined  section  is  exposed  in  the  cliff  about  3  miles 
up  Soda  Spring  Canyon.  The  section  was  measured  one-half  mile 
above  a  lamprophyric  dike,  which,  trending  north  and  south,  cuts 
across  the  canyon,  and  the  same  distance  below  an  excellent  soda 
spring. 

Section  of  coal-bearing  rocks  in  Soda  Spring  Canyon  at  location  No.  St. 

Ft.     In. 

Sandstone 6 

Coal 1    11 

Shale 40 

Shale,  carbonaceous 6 

Coal 1      3 

Shale,  carbonaceous 4 

Coal 10 

Shale 4 

Coal 6 

Shale 20 

Sandstone  and  shale 14 

Coal 2      2 

Coal,  bony 1 

Coal 5 

Sandstone  and  shale 15 

Coal,  variable,  bony  streak  in  middle  1  inch  thick 4      7 

Sandstone  and  shale 14 

Lenticular  band  of  "  Black  band  "  iron  ore 1 

Shale 6 
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Ft.  In. 

Coal 1  4 

Shale,  carbonac^eouB 8 

Coal 2  .1 

Sandstone 1 

Coal 1  8 

Shale,  carlx)naceoiis 1  6 

Coal,  dirty I  2 

Shale,  earlmna<'eoii8 4 

Coal 1  2 

Fire  clay  and  carlwnaeei^iis  shale 6 

C<»al '. 1  2 

Fire  day 5 

Shah^  and  sandstone 20 

Shale 1 

Coal 2  11 

18<i 

No.  33:  Several  coal  beds  similar  in  thickness  and.  quality  were 
noted  about  2  miles  above  the  exposure  just  described. 

No.  34:  Eight  miles  above  the  crossing  of  the  Ship  Rock-Cortez 
wagon  road  the  Upper  coal  })ed  of  the  Mesaverde  occurs  1,200  feet 
above  river  level  in  the  south  wall  of  Mancos  Canyon.  It  is  67  inches 
thick,  is  clear  of  partings,  and  has  a  firm  shale  roof  and  floor. 

Workable  coal  beds  representing  the  Spencer,  Upper,  and  inter- 
mediate beds  have  been  prospected  or  examined  in  natural  exposures 
at  many  other  points  within  Mesa  Verde,  showing  conclusively  that 
their  lateral  extent,  thickness,  and  quality  are  more  or  less  uniform 
throughout  the  area  of  the  mesa. 

LAPLATA-FRUITLAND   DISTRICT. 

The  Laplata-Fruitland  district,  so  named  from  towns  in  the  area, 
is  located  wholly  in  northwestern  New  Mexico,  north  of  San  Juan 
River. 

The  Great  Hogback,  composed  of  the  upturned  Mesaverde  forma- 
tion, rises  northward  from  San  Juan  River  to  a  height  of  r>00  feet  and 
extends  in  two  parallel  unbroken  serrated  crest  lines  to  a  point  about 
midway  between  Baldwin's  store  and  the  State  line,  where  the  beds 
flatten  and  the  fold  blends  into  Mesa  Verde.  The  eastern  crest  is 
formed  by  the  upper,  and  the  western,  subordinate  ridge  by  the  lower 
sandstone.  The  coal-bearing  strata  outcrop  in  a  sag  between  these 
ridges.  The  dip  at  the  river  is  40°,  but  decreas(»s  rapidly  toward  the 
north,  and  as  a  consequence  the  ridges  become  more  and  more  sepa- 
rated until  the  sag  develops  into  a  considerable  valley.  The  dip 
finally  falls  off  to  5°  and  less,  and  the  various  members  of  the  hogback 
connect  with  the  corresponding  members  of  Mesa  Verde. 
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West  of  the  hogback  the  Mancos  shale,  and  still  farther  west  the 
Dakota  sandstone,  which  outcrops  just  east  of  the  mouth  of  Mancos 
River,  rise  above  river  level. 

East  of  the  Great  Hogback  a  wide,  rolling,  valley  country,  the  Vegas 
or  Meadows,  extends  to  a  northwestward-facing  escarpment,  the  San 
Juan  fold  of  Holmes,  formed  of  the  Laramie  sandstones  and  shales. 
This  valley  has  been  eroded  in  the  nonresistant  Lewis  shale.  The 
Laramie  escarpment  presents  where  it  is  crossed  by  La  Plata  River 
and  for  some  distance  farther  south  an  abrupt  northwest  face.  As 
the  dip  of  the  strata  comprising  this  monocline  decreases  tp  the  south 
the  escarpment  is  broken  here  and  there  into  a  series  of  detached 
table-lands,  whose  surfaces  slope  gently  in  the  direction  of  the  dip. 
East  of  this  monocline  the  rocks  are  chiefly  flat-lying  marls,  capped  by 
sandstones  and  conglomerates,  in  which  the  numerous  small  tribu- 
taries of  Animas  and  La  Plata  rivers  have  encountered  little  resistance 
to  their  downward  cutting,  so  that  the  resulting  topography  is  of  the 
badlands  type. 

The  coals  represented  in  the  Laplata-Fruitland  district  occur  in 
the  Mesaverde,  Laramie,  and  Dakota  formations.  The  Dakota  coal 
is  mined  on  San  Juan  River,  a  few  miles  below  Ship  Rock,  for  use  in 
the  heating  plant  of  the  Government  Indian  school  at  that  town.  It 
is  reported  to  be  dirty  and  not  a  very  satisfactory  fuel.  A  new  mine 
has  been  opened  on  the  4i-foot  Mesaverde  coal  bed  exposed  in  the 
Great  Hogback  near  Jewett,  and  the  coal  found  to  be  of  excellent 
quality. 

The  Mesaverde  coals  in  this  district  are  similar  in  thickness  and 
quaUty  to  those  exposed  in  Mesa  Verde.  They  are  not  mined  at 
present,  but  have  been  prospected  and  their  natural  outcrops  exam- 
ined in  many  places. 

The  Carbonero  bed  of  the  Laramie  formation  is  mined  on  a  small 
scale  in  the  vicinity  of  Pendleton  on  La  Plata  River  and  near  Fruitland 
on  the  San  Juan,  some  of  the  coal  being  hauled  by  wagon  to  Aztec, 
Farmington,  and  other  small  neighboring  towns.  The  maximum 
observed  thickness  of  this  bed  is  nearly  50  feet.  Other  coals  are 
present  in  the  Laramie,  both  above  and  below  this  bed,  but  generally 
they  are  poorer  in  quality  and  thinner.  The  quality  of  the  Laramie 
coal  in  this  district  is  better  than  it  is  in  the  vicinity  of  Durango. 

Short  prospect  entries  were  driven  on  each  of  the  three  upper 
Mesaverde  coal  beds  that  outcrop  in  Barker  Arroyo,  in  sees.  5  and  6, 
T.  22  X.,  R.  13  W.,  in  the  summer  of  1905,  under  the  direction  of 
C.  W.  Fisherdick,  of  Laplata,  for  the  Arizona  and  Colora^lo  Railroad. 
The  upper  coal  varies  greatly  in  the  six  prospect  entries  driven  on  it. 
The  extremes  are  sliown  in  the  subjoined  sections,  measured  in  pros- 
pects about  1  mile  apart  on  the  middle  a^iid  south  branches  of  the 
arroyo,  respectively.     The  strata  dip  at  an  angle  of  15°  to  20°  S.  70°  E. 
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Sections  of  upper  bed  in  Fisherdick  prospect.  Barker  Arroyo. 


LOCATION  No.  35. 

Ft.  in. 
Sandstone  roof. 

Shale 2 

Coal 3  8 

Sandstone  floor.  

3  10 


LOCATION  No.  36. 

Ft.     in. 
Sandy  shale  roof. 

Coal '. 8 

Shale U 

Coal 4 

Shale  floor.  — 


o 


4     lU 

The  middle  one  of  the  three  Mesaverde  beds  is  separated  from  the 
upper  by  85  feet  of  sandstone  and  shale.  It  was  mined  from  1882 
to  1890  in  the  middle  branch  of  Barker  Arroyo  (No.  37),  and  supplied 
coal  for  the  neighborhood.  This  mine,  known  as  the  Ilepler,  was 
abandoned  because  a  fault  was  encountered  in  the  workings  and  a 
bony  coal  parting  6  inches  thick  had  gradually  come  in  near  the 
middle  of  the  bed.  The  coal  is  hard  and  apparently  of  good  quality, 
and  at  the  breast  of  the  100-foot  entry  still  remains  hard  and  un weath- 
ered. The  bed  dips  at  an  angle  of  16^  S.  70°  E.,  and  presents  the 
following  section  in  an  open  prospect  in  the  north  branch  of  Barker 
Arroyo : 

Section  of  middle  Mesaverde  coal  bed  in  ntyrth  branch  of  Barker  Arroyo,  at  location  No, ."?/?. 

Shale,  sandy.  Ft.     in. 

Coal 1      8i 

Coal,  bony  and  shale 11 

Coal 3      4 

Brown  carbonaccH)us  shale.  

5     lU 

At  a  distance  of  75  feet  below  the  middle  bed  the  lower  coal  of  the 
Mesaverde  section  is  exposed  as  follows  in  the  south  branch  of  Barker 
Arroyo : 

Section  of  lower  Mesavcrda  coal  beds  in  south  branch  of  Barker  Arroyo  at  location  No.  39. 

Shale,  sandy.                                                                                     Ft.  in. 

Ci)al 2 

Shale,  earlK)naceou8 10 

Coal 1  3 

Shale,  earbonaoeoua 3  9 

Coal 1  10 

Covered.  

18  10 

The  strata  dip  at  an  angle  of  15°  vS.  15°  E. 

All  of  the  Mesaverde  coal-bearing  section  in  Barker  Arroyo  imme- 
diately underlies  the  upper  sandstone,  which  is  here  more  than  250 
feet  thick.  The  overlying  Lewis  shale,  having  the  same  character  as 
in  the  Durango-Mesa  Verde  district,  is  2,300  feet  thick.  It  is  believed 
that  this  represents  a  local  thickening  at  the  crest  of  the  fold,  inas- 
much as  north  of  the  State  line  and  on  San  Juan  River  the  same 
formation  is  only  about  1,600  feet  thick. 
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The  basal  Laramie  sandstone,  which  Hes  between  the  Laramie  coal- 
bearing  rocks  and  the  L^wis  shale,  includes  some  thin  intercalated 
shales  and  measures  180  feet  as  exposed  in  Barker  Arroyo.  There 
are  throe  coal  beds  in  the  Laramie,  the  middle  or  Carbonero  bed 
being  the  only  one  mined  in  the  district.  The  lower  and  upper  beds 
are  generally  thin  and  dirty,  and  are  separated  from  the  Carbonero 
bed  by  60  and  250  feet,  respectively,  of  shale  and  sandstone. 

No.  40:  i\ji  opening  in  the  Pruitt  pasture,  known  as  the  Pruitt 
mine,  is  located  about  25  feet  north  of  the  State  line  in  sec.  23,  T.  32 
N.,  II.  12  W.  This  mine  is  a  chamber  25  feet  wide,  100  feet  long, 
and  high  enough  for  wagons  to  enter  and  load  direct  from  the  work- 
ing face.  The  bed  is  36  feet  thick,  but  only  10  feet  is  mined.  It  is 
a  good-grade  bituminous  coal.  A  section  of  the  entire  bed  is  as 
follows: 


Section  of  Carbonero  bed  at  Pruitt  minty  location  No.  40. 
Shal<',  brown,  caHx>na(M»<)UH. 


Coal 

SaiKlstoiK" 
Coal 


Sandslono. 

Coal 

Shalo 

Coal 


Coal,  bony 
Coal .'. 


Saiidstoni'. 
Coal 


SandHtoiKv 

Coal 

Shall' 

Coal 


''Rai^h" 
Coal .... 


Coal,  sandy,  bony. 
fCoal \. 


Bone 

Coal 

Coal,  .««andy,  bony, 
c  iCoal 


Ft.     In. 
1 


3       « 


2 


C«uil,  sandy,  bony 

Coal,  .•<anipl<Hl 4 

•UaHh" 

(  <nil 1 


Shale,  drab  clay. 
Coal 


5 


J 


6 
1 


i 


]       6 


1 
10 


4 
7 
1 

iO 

10 

7 

6 


36       3  J 


No.  41 :  The  O'Brien  mine,  located  a  short  distance  east,  and  the 
(ireer  mine,  a  short  distance  west  of  La  Plata  River,  in  sec.  15,  T.  32 
N.,  R.  13  W.,  are  also  on  the  Carbonero  bed.     These  mines  were 
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closed  after  they  had  l>e(»n  taken  over  two  or  tlirec  years  ago  by  the 
Phelps-Dodge  Mining  and  Smelting  Company.  The  coal  is  similar 
in  section  and  quality  to  the  bed  at  the  Pruitt  mine.  The  rocks  dip 
at  an  angle  of  15°  S.  10"^  K,  At  the  O'Brien  mine  a  slope  was  driven 
on  the  coal  for  a  distanc/e  of  800  feet  to  a  point  where  considerable 
water  and  gas  were  encountered.  At  the  Greer  mine  a  heading  w^as 
driven  for  about  350  feet  with  the  rise  of  the  coal,  and  rooms  were 
worked  out  from  cross  entries  driven  for  200  feet  on  either  side  of  the 
main  entry.  The  coal  is  reported  to  have  excellent  steaming  but  no 
coking  (qualities.  These  mines  supplied  coal  for  the  New  Mexico 
towns  in  Animas  Valley  as  well  as  for  the  local  trade. 

Nos.  42  and  43 :  The  Thomas  and  the  Jones  mines,  located  respec- 
tively in  sees.  22  and  21,  T.  32  N.,  li.  13  W.,  at  present  supply  prac- 
tically all  of  the  local  and  a  part  of  the  Aztec  and  Famiington  trade. 
Both  mines  are  in  the  Carbonero  bed,  but  their  workings  are  riot  yet 
very  extensive.  The  coal  sectirm  is  similar  in  both  of  these  mines, 
and  roughly  corresponds  to  that  exposed  at  the*  Pruitt  mine.  The 
Thomas  mine  (No.  42)  was  opened  in  1895,  by  an  entry  driven  for 
275  feet  on  the  strik^.  of  the  bed,  which  dips  at  an  angle  of  20''  S.  53°  E. 
The  coal  is  bituminous  in  quality.  A  section  of  the  part  of  the  bed 
mined  is  as  follows : 

Section  of  the  part  of  the  Carboyuro  bed  mined  in  tlw  Thomas  viinr,  at  location  No.  42. 

Sandstone.                                                                                             Ft.  in. 

C:<>al 4  10 

Kirc  clay C 

(  oal 4  6 

iSandstoiu'  fl(X)r.  

9     10 

A  coal  bed  3i  to  4  feet  thick,  locally  knowni  as  the  Peacock  bed, 
occurs  near  the  Thomas  mine,  250  feet  st  rat  {graphically  above  the 
Carbonero  bed.  It  has  been  prosj)ected  and  appears  to  be  of  excel- 
lent quality,  but  wherever  exposed  to  the  southwest  or  northwest 
it  is  badly  split  up  by  i)artings. 

No.  44:  At  the  Walker  mine,  about  4  miles  south  of  west  from 
Young^s  ranch,  a  slope  lias  been  driv(»n  for  a  distance  of  100  feet  in 
the  Carbonero  bed  on  a  dip  of  5"^  S.  05°  E.  A  section  of  the  part  of 
the  bed  mined  is  as  follows: 

^Section  o/  Curboturi)  bed  at  Wnlhr  mine,  at  location  A'o.  44- 

Slial<*,  hanl,  clay.  Ft.    in. 

Coal ! 3      4 

SandstJUK' 1 

( \  >al 9 

Saii<lst<)n*' IJ 

(\):il 2      3 

Shale,  carbcmactMuis 2 

Total  roal  br.l 6      6) 
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No.  45:  In  sec.  12,  T.  31  N.,  R.  14  W.,  just  west  of  the  eastern 
boundary  line  of  the  Ute  reservation,  the  following  section  of  one  of 
the  lower  Mesaverde  coals  is  exposed  in  a  small  side  canyon  of  Barker 
Arroyo : 

Section  of  Mesaverde  coal  bed  exposed  at  location  No.  4^. 

Shalc>,  l)n)wn.                                                                                        Ft.  in. 

Coal 3 

Coal,  Inmy,  and  nhale 5 

Coal 0  8 

Coal,  bonv.  

7      4 

The  coal  bed  dips  at  an  angle  of  10^  SE.  It  is  fairly  hard  and  appar- 
ently good  bituminous  coal. 

No.  46:  About  5  miles  east  of  north  from  Young^s  ranch,  in  the 
Ute  reservation,  the  following  section  is  exposed  in  the  canyon  walls 
of  a  tributary  of  Coal  Creek: 

Scctirrn  of  upper  Mesaverde  coal  bed  at  location  No.  46. 

Shal(»  r«K)f.  Ft.    In. 

Coal 2 

Coal,  Inmy 4 

Coal 3 

Shale  floor.  

»  5      4 

This  bed  lies  practically  horizontal,  about  50  feet  below  the  base  of 
the  upper  sandstone.  It  outcrops  just  above  the  level  of  the  canyon 
floor,  is  persistent  in  tliickness  and  of  good  quality,  and  offers  a  con- 
siderable workable  area. 

No.  47:  About  1  mile  northeast  of  Navajo  Spring,  the  upper  bed 
outcrops  in  the  wall  of  a  box  canyon  at  the  head  of  Coal  Creek.  This 
bed  is  about  40  inches  thick,  lies  horizontal,  6  feet  below  the  upper 
sandstone,  and  has  a  firm  shale  floor  and  roof.  Careful  search  failed 
to  reveal  the  existence  in  workable  thickness  of  any  of  the  other  Mesa- 
verde coal  beds. 

No.  48:  In  the  Great  Hogback,  3  miles  west  of  the  Walker  mine, 
just  below  the  upper  sandstone  of  the  Mesaverde  formation,  the  fol- 
lowing coal  section  is  exposed: 

Section  of  coal  beds  exfMsed  in  Great  Hogback,  at  location  No.  48. 

Ft.    In. 
Sandstone,  massive 20-f 

Coal 4      4 

Shale 10 

Sandstone  and  shale 40 

Coal : 4      8 

Shale  floor.  

79 
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The  strata  at  this  locality  dip  15°  S.  30°  E.,  and  the  same  beds  are 
exposed  at  numerous  places  in  each  direction  along  the  strike,  their 
thickness  and  quality  being  generally  uniform. 

No.  49:  Where  San  Juan  River  cuts  the  Great  Hogback  at  Bald- 
win's store,  the  following  section  of  the  coal-bearing  Mesaverde  was 
measured  north  of  the  river: 

Section  of  coal  bed  exposed  in  Great  Hogback  west  of  Baldwin's  storty  ai  location  No.  4^. 

Clay  shale.  Ft.    In. 

Coal 1      8 

Shale  and  shaly  sandstono  with  fossil  ]>lant« 4 

Coal 6-8 

Shale  and  sandstone 3 

aay  shale 2 

Coal 6      2 

Shale 1 

Coal , 6 

18    11 

Between  this  section  and  the  upper  sandstone  is  a  mass  of  sand- 
stones and  shales  about  500  feet  thick,  containing  in  the  upper  part 
a  number  of  coal  beds  that  may  be  correlated  with  the  coal  beds  at 
location  No.  48.  Their  thicknesses  were  not  determined.  The  strata 
dip  eastward  at  an  angle  of  40°. 

No.  50:  At  the  Thurling  mine  (Bruce  mine),  in  sec.  27,  T.  30  N., 
R.  15  W.,  between  Young's  ranch  and  Jewett,  the  Carbonero  bed, 
23  feet  thick,  was  formerly  worked,  and  it  is  practically  all  good  coal. 

No.  51:  The  Stephens  mine  (Young  mine),  in  sec.  4,  T.  29  N., 
R.  15  W.,  was  opened  several  years  ago  near  the  Fruitland-Jewett 
road,  li  miles  northwest  of  Fruitland.  It  furnishes  the  coal  used  at 
Fruitland  and  Jewett,  and  a  considerable  quantity  is  hauled  from  the 
mine  by  wagon  to  Farmington  and  the  surrounding  country.  It  is 
opened  by  a  drift  100  feet  long,  running  N.  30°  W.  on  the  bed,  which 
lies  nearly  horizontal.  The  total  thickness  of  the  bed  is  about  16  feet, 
including  several  thin  partings  in  its  upper  part.  The  section  is  as 
follows: 

Section  of  Carbonero  bed  at  StepJten^  mine  near  Fruitlaml,  at  location  No.  61. 

Sliale.  Ft.       In. 

(oal 4 

Coal.  })<)ny 6 

Coal 5 

Slate,  draw 2 

Coal 2 

Slate,  draw 2i 

Coal  (mined) 5 

Fire  clav. 

16     lOi 

Only  the  lower  })ench  is  worked.  The  quality  of  the  coal  is  approxi- 
mately the  same  as  at  the  Pruitt,  Jones,  and  Thomas  mines. 
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RIO   CHACO   DISTRICT. 

The  Rio  Chaco  district  includes  that  part  of  the  field  which  lies 
south  of  San  Juan  River  and  north  of  the  latitude  of  Fort  Defiance, 
Ariz.  Trending  southward  from  the  point  where  it  crosses  San  eTuan 
River,  the  Great  Hogback  fomis  a  prominent  series  of  detached,  ser- 
rated, short  ridges  along  the  west  border  of  the  field  until  it  disappears 
beneath  the  horizontal  Tertiary  strata  of  the  Choiskai  Mountains. 

The  coal-bearing  formations  in  the  Rio  Chaco  district  are  the 
Dakota,  Mesaverde,  and  Laramie.  The  Dakota  coal  was  not  exam- 
ined nor  the  formation  mapped  in  this  district. 

The  Mesaverde  coal  beds  vary  more  in  thickness  and  number  than 
in  the  northern  districts,  and  the  barren  rocks  between  the  horizons  of 
the  Upper  and  Spencer  beds  of  Mesa  Verde  are  thicker.  As  may  be 
seen  from  the  map  ( PI.  XXII,  p.  376) ,  this  formation  covers  a  consider- 
able area  south  of  San  Juan  River,  and  forms  the  Great  Hogback  ridge. 
This  fold  becomes  less  pronounced  in  the  direction  of  Bennett  Peak 
and  the  strike  of  the  upper  beds  swings  eastward,  paralleling  Rio 
Chaco.  The  upper  standstone  fonns  the  walls  of  Chaco  Canyon  to 
Pueblo  Alto,  above  which  point  the  stream  has  not  cut  its  channel 
through  it.  The  lower  sandstone  and  along  with  it  the  lower  part  of 
the  coal-bearing  rocks  continue  their  southerly  trend  until,  dipping 
steeply,  they  disappear  near  Crozier  beneath  the  unconformable 
Tertiary  strata  of  the  Choiskai  Mountains. 

The  Laramie  coal  beds,  where  they  are  not  concealed  by  unconform- 
able Puerco  marl,  are  of  considerable  thickness,  but  they  do  not  com- 
pare with  the  Carbonero  bed.  It  is  not  possible  to  correlate  the 
individual  coal  beds  with  the  beds  north  of  San  Juan  River,  because 
the  Puerco  marl  prevents  their  being  traced  continuously  through  thef 
district.  No  openings  have  been  made  on  any  of  these  coal  beds, 
hence  no  samples  were  collected  for  analysis;  but  they  are  apparently 
of  as  good  grade  as  the  Carbonero  bed  at  Fruitland  and  are  freer  from 
visible  impurities. 

No.  52 :  Wliere  Rio  Chaco  has  cut  its  channel  through  the  Great 
Hogback  about  2  miles  south  of  Baldwin's  store,  a  coal  bed  outcrops 
just  above  the  lower  sandstone  of  the  Mesaverde.  The  strata  here 
dip  eastward  at  an  angle  of  40°.     A  section  of  the  coal  bed  follows; 

Section  of  yfesaverde.  coal  bed  in  Rio  Chaco  Gap^  at  location  No.  52. 

Sandstone,  gray.  Ft.   in. 

Shale,  brown,  carbonaceous 2 

Coal,  clear 5     1 

Shale,  brown,  carbonaceous 3 

Sandstone. 

9411— Bull.  316—07 28 


400        CONTRIBUTIONS   TO   ECONOMIC   GEOLOGY,  1906,   PART   II. 

No.  53 :  Two  miles  farther  south  the  following  section  of  a  coal  bed 
in  the  Mesaverde  is  exposed  in  the  Great  Hogback : 

Section  of  Mesaverde  coal  bed  at  location  No.  53. 

Ft.     in. 

Shale,  dark,  bituminous 10 

Coal 1      2 

Shale,  dark 5 

Coal 2    U 

Shale,  brown,  carbonaceous. 

This  section  occurs  just  below  the  upper  sandstone  about  800  feet 
above  the  coal  bed  of  location  No.  52,  described  above. 

No.  54:  Southwest  of  Fruitland  a  coal  bed  is  exposed  in  nearly 
horizontal  Laramie  strata  with  the  following  section : 

Section  of  Tjoramie  coal  bed  near  Fruitland,  at  location  No.  54. 

Clay,  shale,  dark.  Ft.  in. 

Coal 4  3 

Shale,  bn)wn,  carbonaceous 4 

Coal 5 

Shale,  brown,  carlwnaceous.  "~ 

5 

Between  this  latitude  and  Cottonwood  Arroyo  the  Laramie  coal 
beds  have  generally  been  burned  near  the  surface  and  no  idea  of  their 
thickness  could  be  obtained.  Six  feet  of  coal,  very  resinous  and 
breaking  with  a  fracture  similar  to  cannel  coal,  occurs  in  Cottonwood 
Arroyo  at  location  No.  55.  The  coal  bed  dips  eastward  at  an  angle 
of  4^ 

No.  56:  About  4  miles  south  of  the  point  where  Cottonwood  Arroyo 
crosses  the  Fnutland-Gallup  road,  2  miles  east  of  Rio  Chaco,  the 
following  section  of  Laramie  coal-bearing  rocks  is  exposed  about  60 
feet  stratigraphically  above  the  basal  sandstone : 

Section  of  Laramie  coal-bearing  rocks  at  location  No.  56. 

Ft.    in. 

Sandstone,  brown,  shaly 8 

Shale,  drab 3 

Shale,  dark 1 

Coal,  bony 2      7 

Shale,  brown,  carbonaceous 7 

Coal 7      4 

Shale,  brown,  carbonaceous.  

28     11 

The  strata  have  a  low  easterly  dip  and  the  coal  is  clean  and  firm. 
In  the  bank  of  an  arroyo  about  2  miles  northeast  of  this  place,  at 
location  No.  57,  the  same  coal  bed  was  observed  in  like  thickness  and 
purity,  hence  it  is  probable  that  there  is  a  considerable  area  of  work- 
able coal  between  these  points. 
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No.  58:  Just  south  of  a  tuffaceous  lava  peak  protruding  from  the 
Great  Hogback  west  of  the  mouth  of  Cottonwood  Arroyo  three  coal 
beds  occur  below  the  upper  sandstone  of  the  Mesaverde.  From  the 
top  downward  the  beds  show,  respectively,  7,  4,  and  4  feet  of  clear, 
hard  coal.     The  strata  here  dip  at  an  angle  of  30*^  S.  70*^  E. 

No.  59 :  Two  miles  farther  south  these  same  coal  beds  appear  in  the 
following  section : 

Section  of  Mesaverde  coal-bearing  rocks  at  location  No.  59. 

Sandstone,  upper.  Ft.    in. 

Shale,  brown,  carbonaceous 3 

Coal 5        5 

Shale,  brown,  carbonaceous 2        6 

Sandstone 3 

Coal 4        2 

Shale,  brown,  carbonaceous 15 

Coal ; 2+ 

35-f     1 

No.  60:  In  the  Great  Hogback,  about  6  miles  east  of  north  of  Ford 
Peak,  where  the  upper  strata  of  the  Mesaverde  formation  begin  to 
flatten  and  their  strike  changes  to  southeast,  the  following  section  of 
coal-bearing  rocks  is  exposed  beneath  the  upper  sandstone: 

Section  of  Mesaverde  coal-hearing  rocks  exposed  at  location  No.  60. 

Ft.     in. 

Sandstone,  massive,  brown 20 

Shale,  brown,  carbonaceous. 10 

Coal I      9 

Shale,  brown,  carbonaceous 2 

Sandstone 4 

Coal 3      6 

Shale,  brown,  carbonaceous f . . .  9 

Coal 3 

Shale,  brown,  carbonaceous 7 

Coal 1      8 

Shale,  brown,  carbonaceous 10 

Covered • 10 

Sandstone • 20 

Shale,  hard,  brown,  containing  fossil  plants 3 

(^oal 7 

Shale,  brown,  carbonaceous.  

111    11 

The  beds  here  dip  at  an  angle  of  10^  N.  75°  E.    , 

No.  61:  In  Captain  Tom's  Wash,  about  1  mile  above  Crozier,  30 
inc^hes  of  coal  is  exposed  a  short  distance  above  the  lower  sandstone 
which  caps  the  Two  Gray  Hills  in  this  vicinity.  Coal  beds,  most  of 
which  are  either  thin  or  full  of  partings,  were  also  observed  in  the 
Mesaverde  strata  in  the  wash  both  above  and  below  this  exposure. 
The  Mesaverde  rocks  at  Crozier  dip  toward  the  east  at  an  angle  of  5 


o 
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No.  62:  Four  miles  southeast  of  Sulphur  Spring  the  upper  strata 
of  the  Mesaverde  formation  lie  practically  horizontal  and  the  follow- 
ing coal-bearing  section  is  exposed  below  the  upper  sandstone: 

Section  of  upper  Mesaverde  coal-hearituf  rocks  at  location  No.  62. 

Shale,  brown,  (sirbonaceoiw.  Ft.    in. 

Coal 4      2 

Sandstone  and  shale 50 

Shale,  dark 3 

(^oal 1 

Shale,  brown 5 

Coal 1     10 

Shale,  ])rown,  carbonaceous (J 

Sandstone,  thin,  shaly 12 

Coal 5      4 

Shale,  brown,  carbonaceous 1  -|- 

Sandstone  and  shale 30 

Coal 3      4 

Coal,  bony • 1 

Shale,  brown,  carl)onaceou8.  

122      9 

No.  63 :  About  3i  miles  north  of  east  of  Crozier,  near  the  Fruitland- 
Oallup  wagon  road,  a  coal  bed  belonging  in  the  upper  part  of  the 
Mesaverde  formation  has  a  thickness  of  3  feet  7  inches.  The  strata 
here  are  practically  flat  lying.  The  coal  appears  to  be  good  sub- 
bituminous.  To  the  north,  toward  location  Xo.  62,  and  to  the  south 
for  about  the  same  distance,  this  coal  bed  and  others  near  it  show  a 
similar  thickness  and  quality. 

No.  64:  About  2\  miles  east  of  Rio  Chaco  and  4  miles  north  of 
the  Crozier-Tiz  Natzin  waggon  road  the  following  coal  section  is 
exposed  just  above  the  flat-lying  basal  Laramie  sandstone: 

Section  of  Laramie  coal  bed  at  location  No.  64- 

Clay  shale.  Ft.  in. 

Coal 1  6 

Shale,  black 5 

Coal / 3  6 

Shale 4 

Coal 1  2 

Shale,  bn)wn,  carbonaceous.  

6    11 

Between  tliis  location  and  Coal  Creek  the  Laramie  formation  is  in 
many  places  hidden  by  the  unconforiuably  overlying  Puerco  marl, 
and  in  others  bj-  blown  sand  to  such  an  extent  that  none  of  the  coal 
beds  of  the  formation  were  observed. 

Just  east  of  the  northward  bend  of  Rio  Chaco  the  rocks  dip  north 
of  west  at  an  angle  of  about  3°,  forming  the  eastern  Umb  of  a  shallow 
syncline  the  axis  of  which  extends  southward  toward  the  center  of 
Zuni  Basin  and  is  probably  coincident  with  the  axis  of  that  fold. 
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N(>.  65:  In  the  canyon  walls  about  2  miles  above  the  bend  in  Rio 
Chaco  a  3-foot  coal  bed  is  exposed  just  below  the  upper  sandstone  of 
the  Mosaverde  formation.  The  strata  here  dip  at  an  angle  of  3°  N. 
60°  W.  Much  of  the  coal  formerly  outcropping  in  the  canyon  walls 
in  this  vicinity  has  been  burned. 

No.  66:  In  the  south  wall  of  Chaco  Canyon  3  miles  below  the 
inoutli  of  Coal  Creek  the  coal  bed  shown  in  the  following  section 
undorlies  the  upper  sandstone  of  the  Mesaverde  formation: 

Section  of  Mesaverde  coal  bed  in  Chaco  Canyon^  at  location  No.  6G. 

Shal<*,  brown.  Ft.      In. 

(\)al 1 

Shalo 1 

Coal 7 

Coal,  Ixrny 6 


9     r> 


The  coal  appears  to  be  a  good  grade  of  subbituminous,  and  is  hard 
and  blocky.     The  strata  dip  at  an  angle  of  3"^  N.  20^  W. 

No.  67:  On  Coal  Creek  a  bed  of  subbituminous  coal  near  the  top 
of  the  upper  Mesaverde  sandstone  and  above  the  horizon  of  any 
workable  coal  liitherto  described  in  this  formation  was  opened  m 
1001  for  use  at  Tiz  Natzin,  an  Indian  trading  post  near  by.  A 
slope,  subseciuently  abandoned,  was  driven  for  a  distance  of  25  feet 
on  the  coal  bed,  which  dips  N.  35°  W.  at  an  angle  of  4°.  The  fol- 
lowing is  a  secti<m  of  the  rocks  exposed: 

Section  of  upper  Mesaverde  coal-hearing  rocks  near  Tiz  Natzin,  on  Coal  Creek,  at  location 

No.  67. 

Ft.     hi. 

Sandstone,  limy,  and  containing  foftfdl  Hhells 2 

Sandston*',  friablo JiO 

(\)al 1      8 

Coal,  Ixmy 5 

Coal : 3      2 

Fire  clay.  

37      3 

The  analysis  of  a  sample  from  the  lower  bench  of  this  coal  indicates 
a  good  grade  of  subbituminous  coal.  The  coal  makes  a  quick,  hot 
fire  and  leaves  a  light,  white  ash. 

No.  68:  In  Chaco  Canyon,  between  the  mouth  of  Coal  Creek  and 
Shawver's  store,  nearly  all  the  coal  beds  exposed  have  been  burned 
at  their  outcrops,  but  about  midway  between  these  locaUties  a  bed 
partially  expM)sed  shows  a  thickness  of  4  feet.  It  lies  40  feet  below 
the  bed  noted  at  location  No.  67  and  at  about  the  horizon  of  the 
coal  bed  described  at  location  No.  66. 

Northeast  of  Shawver's  store  Laramie  coal  beds  appear  at  a  number 
of  places  between  Rio  Chaco  and  Coal  Creek.  Only  the  lower  beds 
of  the  formation,  including  the  basal  sandstone,  are  exposed,  the 
upper  beds  being  concealed  by  overlapping  Tertiary  strata. 
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No.  69:  This  locality  is  about  3  miles  north  of  the  wagon  road 
leading  northeastward  from  Shawver's  store.  The  following  section 
of  a  coal  bed  a  short  distance  above  the  basal  Laramie  sandstone  is 
exposed  in  strata  dipping  N.  30°  W.  at  an  angle  less  than  1°: 

Section  of  Laramie  coal  bed  at  location  iVb.  6.9,  .5  miles  northeast  of  Shaim^er^s  store. 

kSandstono.  Ft.     In. 

Clay  shale 2 

Coal,  clear  and  })locky 3      4 

Clay  shale. 

No.  70:  Two  miles  north  of  locality  No.  69  and  stratigraphically 
above  the  coal  bed  just  described,  the  following  coal  section  was 
measured : 

Section  of  iMramie  coal  bed  at  location  .Vo.  70. 

Shale,  ])n)wn,  earbonaccH)UH.  Ft.  in. 

(\)al 10 

Shale 5 

Coal 1  5 

Coal,  ])ony,  variable J 

(bal 1  10 

Shale,  brown,  carlwnaceous.  

4      6i 

No.  71:  One  mile  farther  north  and  not  more  than  50  feet  strati- 
graphically above  the  exposure  at  location  No.  70,  the  following  coal 
section  is  exposed  on  a  branch  of  Coal  Creek : 

Section  of  Laramie  coal  bed  at  location  No.  71. 
Coal,  bony,  variable.  Ft.    in. 

Coal,  containing  fossil  resin  « 3      4 

Shale,  brown,  carlM)nac*(.H>UR. 

This  coal  is  evidently  of  good  quality.  It  is  hard  and  blocky,  and 
its  high  percentage  of  wheelerite  causes  it  to  ignite  readily.  The 
strata  are  nearly  flat  lying,  and  the  bed,  if  persistent,  may  be  mined 
under  a  considerable  area. 

No.  72 :  Two  mile«  east  of  location  No.  69  and  near  the  same 
horizon  a  thick  bed  of  Laramie  coal  is  exposed.  The  strata  are 
practically  flat  lying,  and  the  coal  is  overlain  directly  by  the  uncon- 
formable Puerco  marl.     A  section  of  the  coal  bed  is  as  follows: 

Section  of  Laramie  coal  bed  ij  miles  north  of  wagon  road,  at  location  No.  7J. 

Sand,  unconsolidated.  Ft.     In. 

Coal : 7 

Shale,  black,  carl)onaceou8 1      3 

Coal 1      8 

C-oal,  bony i 

Coal    . . .  * 2      4 

Shale 4 

Coal 4 

Shale,  black,  carbonaceous.  

10      2i 

a  WhoclPrite.  prrspnt  in  many  of  the  coal  beds  In  thlfl  field.    For  a  description,  see  U.  S.  Qeog. 
Surveys  W.  100th  Mer.,  vol.  3, 1875,  pp.  630-631. 
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The  lower  bench  in  the  above  section  is  apparently  of  excellent 
quality  and  has  the  physical  characteristics  of  cannel  coal.  The 
same  bed  is  exposed  in  similar  section  half  a  mile  farther  east. 

No.  73 :  In  the  north  wall  of  Chaco  Canyon,  just  below  the  mouth 
of  Meyers  Creek,  a  bed  of  good,  shiny,  black,  subbituminous  coal 
occurs  below  the  upper  sandstone  of  the  Mesaverde  formation.  The 
bed  is  more  than  8  feet  thick,  including  a  3-inch  bony  streak.  The 
strata  dip  about  N.  20^  W.  at  an  angle  of  less  than  2°.  The  coal  bed  is 
included  in  the  following  section : 

Section  of  upper  Mesaverde  coal-bearing  beds  in  Chaco  Canyon^  at  location  No.  73. 

Ft.    in. 

Sandstone,  massive 18 

Shale,  (lark 1 

Coal 1 

Shale,  (lark 4 

Sandstone,  massive 5 

Coal 1    10 

Coal,  lx)ny,  variable 3 

Coal 6      1 

Shale,  brown,  carbonaeceous.  

37      2 

Between  this  point  and  Putnam  the  coal  bed  is  exposed  at  several 
places. 

No.  74 :  The  same  coal  bed  is  mined  at  the  Pueblo  Bonita  mine,  in 
the  south  wall  of  Chaco  Canyon,  for  use  at  Putnam  post-ofBce  and  an 
Indian  trading  post  which  is  located  at  the  famous  Aztec  ruins, 
Pueblo  Bonita,  1  mile  above.  This  mine  was  opened  by  the  Wether- 
ills  in  1905,  by  a  30-foot  drift  to  the  rise  of  the  coal  bed,  a  section  of 
which  is  as  follows: 

Section  of  coal  bed  in  Pueblo  Bonita  mine  in  Chaco  Canyon,  1  mile  below  Putnamj  at 

location  No.  74- 

Sandstone,  upper.  Ft.  In. 

Coal,  bony 1  6 

Coal ' 3  8 

Coal,  bony,  and  sandstone,  variable 4 

Coal '. 2  4 

7  10 

The  analysis  of  a  sample  of  coal  from  this  mine  indicates  a  good 
grade  of  subbituminous  coal,  rather  high  in  ash.  The  coal  bed  is 
workable  under  an  extensive  area,  has  an  excellent  roof  and  floor,  and 
both  benches  can  be  mined,  as  the  parting  is  easily  separable  from 
the  coal.     The  strata  dip  at  an  angle  of  about  2°  N.  20^  W. 

No.  75:  Several  beds  of  Laramie  coal  are  exposed  in  the  north 
branch  of  Meyers  Creek  IJ  to  2  miles  above  the  crossing  of  the  Put- 
nam-Ojo  Alamo  wagon  road.     The  lowest  bed  overlies  the  massive 
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basal  sandstone.     The  following  is  a  section  of  the  rocks  exposed  in 
the  bed  of  the  arroyo : 

Section  of  Laramie  coal-bearing  rocks  in  north  branch  of  Meyers  Cre^h,  at  location  No.  75. 

Ft.       In. 

Coal 3+ 

Shale,  brown,  carbonaceous 8 

Coal 1      8 

Shale,  brown,  carbonaceous 4 

Coal 2 

Coal,  bony izt 

Sandstone  and  ahaU* 50 

Sandstone^ 2 

Coal :i      4 

Shale Idi 

Sandstone  and  shale 15 

Coal 2      8 

Parting,  variable Jrfc 

Coal '. 1      4 

Shale,  brown,  carbonai^eous *. 1 

Sandstom*  and  shale 30 

Shale,  brown,  carl>onaciH)UM. 1 

Coal 2      9 

Shale,  brown,  carbonaceous.  

126      li± 

The  beds  dip  N.  20°  W.  at  a  low  angle  and  are  unconformably 
overlapped  by  the  Puerco  marl,  so  that  they  are  well  exposed  only  in 
the  stream  channels.  Apparently  these  coals  can  be  mined  under  a 
large  area. 

No.  76:  In  each  of  the  three  branches  of  Escavada  Wash,  northeast 
of  Putnam,  the  Laramie  coal  beds  have  been  burned  at  the  outcrop 
and  the  overlying  and  underlying  sandstone  baked  a  brick-red  color 
over  a  considerable  area,  so  that  only  one  measurable  exposure  of  coal 
was  found.  The  following  coal  section  is  exposed  in  the  south  branch 
of  the  wash  8  miles  above  the  Putnam-Ojo  Alamo  wagon  road 
crossing  and  3  miles  above  its  juncture  with  the  middle  fork: 

Section  of  Laramie  coal-bearing  rocks  in  Escavada  Wash,  at  location  No.  76. 

Ft.      In. 

Sandstone,  light  gray 5 

Shale,  drab 3 

Coal 1        7 

Shale,  drab 2        3 

Coal 4        5 

Shale,  brown,  carbona('«>us 2 

The  strata  dip  more  to  the  north  than  on  Meyers  Creek,  but  at 
about  the  same  angle. 

No.  77:  Above  Putnam  the  Mesaverde  coal  beds  thin  rapidly  and 
partings  come  in ;  at  a  distance  of  2  or  3  miles  up  the  canyon  no  single 
bench  of  coal  was  observed  to  have  a  tliickness  exceeding  37  inches. 


DURANGO-GALLUP   COAL   FIELD,   COLORADO-NEW   MEXICO.       407 

An  exposure,  apparently  typical  of  the  upper  Mesaverde  coal  beds 
east  of  Putnam,  occurs  in  strata  with  a  low  northward  dip  outcropping 
in  the  southward-facing  mesa  cliff  7  miles  south  of  Pueblo  Alto,  near 
the  wagon  road  between  Pueblo  Alto  and  the  Seven  Lakes  trading 
post.     The  section  is  as  follows: 

Sectimi  of  coal  bed  near  the  Ptieblo  Alto-Seven  Lakes  wagon  road,  at  location  No.  77. 

Ft.    In. 

Sandstone,  massivo 50 

Shale,  drab 5 

(V)al \....; 6 

Shale,  dark,  carbonaceous 4 

Shale,  dark 4 

Coal  and  bony  coal 1     10 

Coal 1     llj 

Coal,  bony 3 

67       6i 

No.  78:  At  a  point  about  \\  miles  farther  west  the  following  sec- 
tion of  Mesaverde  coal  is  exposed  in  the  same  escarpment : 

Section  of  Mesaverde  coal  bed  at  location  No.  78. 

Ft.    in. 

Shale,  dark 3 

Coal,  bony 1 

Coal ! 3      1 

Shale,  brown,  carbonaceous 3      1 

10      2 

This  is  the  thickest  coal  bed  observed  in  the  upper  Mesaverde  in 
the  area  east  of  Putnam.  The  coal  is  apparently  at  the  horizon  of 
that  in  the  Pueblo  Bonita  mine  and  is  similar  in  appearance  and 
quality. 

No.  79:  About  2i  miles  north  of  Mariana's  store,  which  is  situated 
near  the  Pueblo  Alto  ruins,  the  Laramie  coal  beds  are  exposed  where 
the  unconformably  overlapping  Puerco  marl  has  been  worn  away  by 
stream  erosion.  One  of  these  beds,  occurring  a  short  distance  above 
the  basal  sandstone  of  the  Laramie,  shows  over  7  feet  of  clear  coal. 
Another,  a  short  distance  higher,  is  over  5  feet  thick,  but  the  expos- 
ures are  so  poor  that  nothing  definite  could  be  learned  of  the 
quality  of  the  coal. 

Between  location  No.  79  and  Raton  Spring  no  exposures  of  Lara- 
mie coal  beds  were  observed,  on  account  of  a  covering  of  either  blown 
sand  or  overlapping  Puerco  marl. 
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No.  80:  At  a  point  about  4  miles  southeast  of  Raton  Spring  an 
exposure  of  Laramie  coal  shows  the  following  section: 

Section  of  Laramie  coal  at  location  No.  80. 

Ft.   In- 

Shale,  drab,  carbonaceous 15 

Coal,  with  thin  shale  partings 1      5 

Sandstone 1 

Coal 3 

Sandstone J 

Coal ' 2 

Shale,  brown,  carbonaceous. 

Total  coal  bed 6      (5J 

The  strata  dip  northward  at  an  angle  of  2°.  North  and  east  of 
Raton  Spring  Laramie  coals  were  observed,  but  not  examined  in 
detail.     They  are  thick  and  of  good  quality. 

The  Indian  trader  at  Seven  Lakes  and  the  postmaster  at  Cabezon 
reported  to  the  writer  that  very  thick  beds  of  coal,  generally  clear 
of  partings  and  of  good  quality,  occur  well  toward  the  head  of  Arroyo 
de  los  Torreones.  These  beds,  though  not  examined,  are  undoubt- 
edly in  the  Laramie  formation,  as  they  are  in  the  strike  of  the  beds 
that  outcrop  at  Raton  Spring.  Simpson «  in  his  ^'Joumar*  men- 
tions the  occurrence  of  coal  in  the  head  of  this  arroyo. 

Between  Chaco  Canyon  on  the  north  and  the  latitude  of  Seven 
Lakes  on  the  south  the  rocks  are  intermediate  in  the  Mesaverde  for- 
mation and  are  barren  of  coal. 

No.  81 :  About  5  miles  southwest  of  Seven  Lakes  coal  beds  belong- 
ing to  the  lower  Mesaverde  outcrop  in  a  tributary  of  Vacinte  Wash. 
A  section  including  these  beds  is  as  follows : 

Section  of  lower  Mesaverde  coal-bearing  rocks  at  location  No.  81. 

Ft.    In. 

Shale,  drab 5 

Shale,  brown,  carbonaceous 1 

Coal,  containing  fossil  resin 2 

Shale,  drab 30 

Coal 2    11 

Shale 1 

Coal 1 

Shale,  drab,  fissile 8 

Sandstone  and  shale,  red  (burned  cojil  bedV  

50    11 

The  strata  dip  to  the  north  at  the  rate  of  100  feet  to  the  mile. 

No.  82:  Two  coal  beds  in  the  lower  Mesaverde  arc  exposed  5  miles 
southeast  of  Togay  Springs,  where  the  following  section  was  meas- 
ured: 

i ___^ , 

a  Simpson,  J.  H.,  Journal  of  a  military  reconnaissance  from  Santa  Fe,  N.  Mex.,  to  the  Navajo 
country,  dlst  Cong.,  1st  sess.,  Senate  Ex.  Doc.  No.  64, 1850,  p.  30. 
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Section  of  Mesaverde  coal-bearing  rocks  5  miles  southeast  of  Togay  Springs. 

Shale,  drab.  Ft.     in. 

Coal 2      5 

Shale,  carbonaceous 2 

Shale  and  sandstone 12 

Sandstone 3 

Coal,  bony 5 

Coal 1 

Shale,  carbonaceous 3 

Coal 2      5 

25      4 

The  rocks  dip  northward  at  the  rate  of  200  ±  feet  to  the  mile. 

GALLUP   DISTRICT. 

The  Gallup  district  includes  that  part  of  the  field  which  lies 
between  the  latitudes  of  Fort  Defiance,  Ariz.,  and  Manuelito,  N. 
Mex.  The  present  paper  includes  a  description  of  only  the  part  of 
the  district  lying  west  of  the  Continental  Divide,  which  passes  in  a 
northeast-southwest  direction  along  a  line  from  the  head  of  Rio 
Chaco  through  Hosta  Butte.* 

The  topographic  features  are  dependent  primarily  on  structure  and 
secondarily  on  stream  erosion.  In  the  interior  of  the  coal  fields 
the  rocks  are  for  the  most  part  flat  lying,  but  in  places  are  sharply 
folded.  The  region  has  been  deeply  dissected,  so  as  to  leave  wide 
valleys,  isolated  flat-topped  table-lands,  and  here  and  there  low, 
sharp-crested  ridges. 

The  borders  of  the  coal  areas  are  either  promment  escarpments 
from  which  the  strata  dip  gently  toward  the  interior  or  serrated 
ridges  in  which  they  are  steeply  upturned.  Thus  a  southward- 
facing  escarpment  in  which  the  strata  dip  toward  the  north  at  an 
angle  of  2°  to  3°  forms  the  border  of  the  field  from  Hosta  Butte  west- 
ward to  the  north  extremity  of  the  Nutria  monocline,  where  the 
rocks  change  in  strike  from  west  to  south,  forming  a  hogback  in 
which  they  dip  westward  at  a  steep  angle.  On  the  west  the  coal 
field  is  limited  by  the  Defiance  monocline.  In  the  vicinity  of  Fort 
Defiance  the  rocks  in  this  fold  dip  steeply  to  the  east,  but  the  dip 
flattens  rapidly  toward  the  south  until  at  the  point  where  the  fold 
is  crossed  by  the  Atchison,  Topeka  and  Santa  Fe  Railway,  near  Man- 
uelito, it  is  less  than  5°.  The  strata  affected  by  this  fold  do  not 
include  to  any  considerable  extent  the  coal-bearing  rocks  above  the 
Dakota.  The  Gallup  structure  section  (PI.  XXIII,  p.  382)  illustrates 
the  nature  of  the  local  folding  in  the  vicinity  of  that  towTi. 

n  For  a  description  of  the  remainder  of  this  district,  see  Schrader,  F.  C,  Buil.  U.  S.  Geol.  Survey 
No.  285,  1906,  pp.  251-252. 
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Gallup  is  the  only  town  of  consequence  in  the  district,  but  Clark- 
ville.  Weaver,  and  Gibson  are  good-sized  coal-mining  camps. 

The  coals  of  the  Gallup  district  represent  three  formations — the 
Dakota,  Mancos,  and  Mesaverde.  Those  of  the  Mesaverde  are  the 
most  valuable  and  the  only  ones  at  present  mined.  The  Dakota 
coal  was  examined  east  of  Gallup  in  the  southward-facing  escarp- 
ment north  of  the  railroad,  but  was  found  to  be  thin  and  full  of  part- 
ings and  consequently  not  of  present  commercial  value.  The  posi- 
tion of  this  coal  is  not  shown  on  the  map. 

The  Mancos  coal  occurs  in  a  bed  of  thin  shaly  sandstone  50  feet 
thick  at  the  top  of  the  formation.  These  beds  are  present  in  the 
Nutria  monocline  east  of  Gallup  and  along  the  western  border  of  the 
coal  field,  but  the  coal  is  known  to  be  of  commercial  value  only  east 
of  Mariana  Lake. 

The  Mesaverde  coal  is  mined  extensively  in  tliis  district.  Beds  at 
both  the  upper  and  lower  coal  horizons  are  present,  separated  by 
500  feet  of  barren  strata.  The  beds  at  both  horizons  carry  a  good- 
grade  subbituminous  coal  and  range  in  thickness  up  to  8^  feet. 
Along  the  southward-facing  escarpment  that  limits  the  field  north 
of  the  railroad  and  east  of  the  Nutria  monocline  the  Mesaverde  coal 
beds  occur  at  the  lower  horizon.  These  have  not  been  mined  or 
even  prospected,  but  in  the  natural  exposures  examined  they  appear 
to  be  of  the  same  quality  as  in  other  parts  of  the  district  where  they 
are  mined. 

No.  83:  A  typical  section  of  the  Mancos  coal  is  exposed  in  the 
escarpment  south  of  the  entrance  to  Devils  Pass,  about  12  miles  east 
of  north  of  Thoreau.  The  coal  compares  well  in  quality  with  the 
sample  collected  in  1905  from  the  same  bed  in  the  Tiejen  prospect, 
10  miles  east  of  north  from  Baca.  The  analysis  shows  a  good  sub- 
bituminous  coal.  It  contains  considerable  fossil  resin,  which  causes 
it  to  ignite  readily.  The  strata  at  location  No.  83  dip  east  of  north 
at  an  angle  of  7°.     The  section  of  the  coal  is  as  follows: 

Section  of  coal  bed  in  Devils  Pass  at  location  No.  fiS. 

Shalo,  (Iral).                                                                                      Ft.  In. 

Coal 2  6 

Shale 3 

Coal 10 

Shalt',  l)n)wn,  carbonaceous.  

3      7 

No.  84:  About  2  miles  north  of  the  locality  just  described  the  fol- 
lowing section  of  the  lower  Mesaverde  is  exposed  in  an  escarpment 
on  the  east  side  of  the  pass: 
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Section  of  Mejtaverde  coal  beds  in  Devils  Pass  4  miles  east  ofHosta  Butte,  at  location  No.  84. 

Sandstone,  massive.  Ft.   In 

Shale 10 

Coal 3      6 

Shale  and  sandstone 25 

Coal 3      6   • 

Sandstone  and  shale 5 

Coal 3      6 

Shale 8 

58      6 

No.  85:  North  of  Mariana  Lake,  at  Dalton's  store,  on  the  Guam- 
Seven  Lakes  road,  a  prospect  has  been  opened  on  one  of  the  lower 
Mesaverde  coal  beds.  The  bed  is  3i  feet  thick  and  lies  between 
shale.  The  dip  of  the  strata  is  about  3°  NNE.  The  coal  is  reported 
to  bum  well  without  forming  clinkers  and  to  leave  a  small  amount  of 
ash. 

No.  86:  About  1  mile  south  of  the  Navajo  Indian  Reservation,  on 
the  Gallup-Seven  Lakes  road,  5  miles  northwest  of  Little  Togay 
Spring,  the  following  section  of  a  part  of  the  lower  Mesaverde  is 
exposed : 

Section  of  lower  Mesaverde  rocks  at  location  No.  86. 

Sandstone,  massive.  Ft.   in. 

Shale,  brown,  carbonaceous 1      6 

Sandstone  and  shale 8 

Coal : 3      G 

Sandstone  and  shale 15 

Coal 2      (> 

Shale 8 

Sandstone,  massive 15 

Sandstone  and  shale 17 

Coal,  bony 1 

Shale,  drab 4 

Coal 2 

Shale 20 

Coal 5 

102      (> 

No.  87:  North  of  the  divide,  about  a  mile  west  of  the  Gallup- 
Seven  Lakes  wagon  road  and  about  3  miles  northwest  of  the  locality- 
just  described,  the  following  section 'in  the  Mesaverde  formation  is 
exposed.     It  may  represent  in  part  the  section  of  location  No.  86. 
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Section  including  upper  Mesavcrde  coal  beds  at  location  No.  87. 

Ft.    in. 

SandstoiK* 8 

Shale,  bmwn,  carb<)nac€H)U8 4 

Coal 2      6 

Shale,  brown,  earlx>naceoua 1 

Shale 12 

Coal 3      6 

Shah*,  brown,  carbonaceous 3 

Coal 1      6 

Shale 4 

Coal 1      2 

Shale 5 

Coal 1 


46      8 

No.  88:  The  coal  beds  of  the  Weaver  mine,  3  miles  north  of  Gallup, 
occur  in  the  upper  Mesaverde,  which  is  here  about  100  feet  thick. 
The  section  shown  below,  based  in  part  on  drill  records  obtained 
from  the  American  Fuel  Company,  shows  six  workable  coal  beds. 

Section  of  upper  Mesaverde  coal-bearing  rocks  at  the  Weaver  miru*,  S  miles  north  of  Gallup, 

Ft.    In. 
Coal 1 

Fire  clay 2 

Coal,  dirty,  No.  1 3      6 

SandBtone  and  shah' 14 

Coal 6 

Fire  clay .• 7 

Coal,  No.  2 4      6 

Sandstone  and  shale 24 

Coal,  No.  3 4 

Fire  clay 2 

Sandstone 5 

Draw  slate I      6 

Coal,  No.  3i 6      3 

Fire  clay 2      6 

Sandstone,  shale,  and  thin  coal  seams 20 

Coal,  with  many  shale  partings.  No.  4 3 

Sandstone 20 

Coal,  No.  5 6      6 


127      3 

All  these  beds  have  been  worked  at  the  Weaver  mine,  which  is 
the  largest  producer  in  the  district.  At  present  only  one  bed — No. 
3  J — is  being  mined  extensively,  although  some  coal  is  being  taken  from 
bed  No.  3.  The  roof  of  bed  No.  3^  is  firm  shale  and  the  floor  fire  clay. 
A  slope  has  been  driven  for  more  than  4,000  feet  west  of  north,  on  a 
dip  ranging  from  4®  to  15°.  Cross  entries  have  been  driven  for  800 
feet  on  either  side  of  the  main  entry  and  diamond-drill  prospecting 
Jias  been  carried  a  mile  ahead  of  the  workings.     A  number  of  small 
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rolls  and  faults  have  been  encountered  in  the  mine.  Analyses 
show  this  to  be  a  high-grade  subbituminous  coal. 

No.  89 :  The  Gallup  mine  is  situated  at  Gibson,  near  the  Weaver 
mine.  Coal  beds  Nos.  3,  SJ,  and  5  were  worked  until  early  in  1904, 
when  fire  closed  the  mine  and  it  has  not  yet  been  reopened.  It  was 
operated  by  a  slope  driven  5,000  feet  on  the  dip  of  the  coal  bed. 

No.  90:  The  Heaton  mine,  opened  by  the  American  Fuel  Company 
in  June,  1904,  is  working  bed  No.  3^.  The  mine  is  operated  by  a 
drift,  which  has  been  driven  for  more  than  2,500  feet  N.  25°  W.  on 
the  dip  of  the  coal,  which  ranges  from  2°  to  15°.  The  average  thick- 
ness of  the  bed  is  about  3  feet  10  inches,  including  unimportant 
thin  partings  that  are  locally  present.  The  roof  of  the  coal  bed  is 
shale,  the  floor  sandstone. 

No.  92:  The  Otero  mine,  not  now  in  operation,  is  located  about  3 
miles  east  and  1  mile  north  of  Gallup.  The  coal  beds  worked  at 
this  mine  occur  in  the  lower  Mesaverde  formation.  The  section  as 
exposed  in  the  mine  is  as  follows: 

Section  of  lower  Mesaverde  coal  beds  in  Otero  mine,  at  location  No.  92 j  near  Gallup. 

Ft.      In. 
Coal,  Crown  Point  bed 3      5 

Shale 8 

Coal 1      5 

Sandstone 11 

Coal,  Thatcher  ImhI 4 

Shale  and  sandstone (i 

Shale 9 

Coal,  Black  Diamond  bed 1      (> 

Sandstone  and  shale 88 

G)al 1      2 

Shale 9 

Coal,  Otero  bed 3      2 

Shale  (?). 

Samples  were  collected  from  the  Crown  Point,  Thatcher,  and  Otero 
beds.     The  coals  are  of  a  good  subbituminous  grade. 

No.  94 :  The  Union  mine,  situated  about  2  miles  south  of  Gallup, 
is  working  the  Crown  Point  bed,  which  has  an  average  thickness  of 
about  6  feet,  including  a  parting  2  feet  from  the  top.  The  roof  is 
shale  and  the  floor  fire  clay.  The  mine  is  operated  by  a  slope  driven 
for  more  than  1,000  feet  on  the  dip  of  the  bed,  S.  70°  W.  at  an  angle 
of  1 5°. 

No.  95:  The  Rocky  Cliff  shaft,  2 J  miles  from  Gallup,  is  situated 
a  short  distance  south  of  Gibson.  In  it  one  of  the  beds  of  the  lower 
Mesaverde  is  worked.  The  shaft  is  250  feet  deep.  The  average 
thickness  of  the  bed  is  5  feet. 

No.  98:  The  Clark  mine  is  situated  at  Clarkville,  a  mining  camp 
about  4  miles  west  of  Gallup.     Diamond-drill  borings  have  shown 
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the  presence  here  of  5  coal  beds  of  the  upper  Mesaverde,  which 
in  descending  order  have  the  following  thicknesses: 

Thicknettfs  of  coal  hetU  at  ClarkvilU. 

Fwt. 

Firat  bed 2J 

Hf^md  fn-Hl 3J 

Third  bed 4}  8J 

Fourth  htni 5J 

Fifth  bed 4 

Only  the  third  bed  is  mined  at  present.  The  strata  vary  in  dip 
throughout  the  mine,  ranging  from  a  very  low  angle  to  4i®  X.  70°  E« 
Horsebacks  and  rolls  are  numerous  in  the  mine.  The  partings  in 
the  be<l  mined,  a  section  of  which  is  given  below,  are  nearly  every- 
where present,  but  vary  greatly  in  thickness  and  are  easily  separable 
from  the  coal. 

Section  of  upper  Mesaverde  coal  bed  in  Clark  mine^  Clarkville,  location  No.  98. 

Ft.     in. 

Shale,  rarbonac"«)iifl,  lirown  and  white  Htreakcd Idb 

0>al,  not  minced 3db 

Shale,  brownish.  Handy '.  4± 

Oml 2 

C!oal,  lH)ny 1±: 

(Vml 2 

Shahf,  bituniinouH 3db 

(Vml 3      3 

Fir(?-rlay  flcwr. 

Other  mines  in  the  district  in  which  work  is  at  present  suspended 
on  account  of  a  decrease  in  the  coal  demand  are  the  Rocky  CliflF, 
Thatcher,  Catalpa,  and  Casna. 

Near  Defiance  switch  three  coal  beds  of  the  lower  Mesaverde  are 
exposed.  The  coal-bearing  strata  have  a  thickness  of  about  150  feet, 
and  they  dip  north  of  east  on  the  east  limb  of  the  local  anticline, 
which  trends  north  and  south  near  Defiance  switch  and  plunges  at 
a  steep  angle  in  each  direction  away  from  the  railroad. 

No.  99 :  About  1 }  miles  east  of  north  from  Defiance  switch,  D.  M. 
Smith,  a  trader,  opened  a  mine  and  shipped  a  few  cars  of  coal  in  1886. 
The  mine  was  shortly  afterwards  abandoned.  The  coal  worked  is 
the  lowest  bed  in  the  lower  Mesaverde.  It  occurs  in  strata  dipping 
N.  30°  Vj.  at  an  angle  of  4°.  The  coal  appears  to  be  of  good  quality. 
A  section  including  it  is  as  follows: 
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Section  of  lower  Mesaverdc  coal-bearing  beds  at  abandoned  Smith  mine  near  Defiance 

switchj  location  No.  99 

Ft.      in. 

Sandstone,  massive 70 

Shale,  carbonaceous 10 

Coal 2      9 

Shale,  carbonaceous 12 

Coal 4 

Shale,  carbonaceous 1 

99      9 

No.  100:  About  2  miles  west  of  north  from  Defiance  switch  the 
follo\\ang  coal  section  is  exposed  in  the  lower  Mesaverde,  about  100 
feet  stratigraphically  above  the  coal  section  just  given: 

Section  of  lower  Mesaverde  coal  bed  at  location  No.  100. 

Ft.     In. 
Sandstone,  thin  bedded 2 

Shale,  carbonaceous 1 

Coal 3      4 

Sliale,  carbonaceous 15 

Coal 2      4 

Shale,  carbonaceous 5 

CoaL 1      6 

Shale,  dark 3 

— 4 

33      2 

No.  101:  At  an  abandoned  prospect  about  one-half  mile  north- 
west of  location  No.  100  a  4-foot  bed  of  good  subbituminous  coal 
occurs  about  60  feet  stratigraphically  above  the  section  just  given. 
The  strata  dip  N.  70°  E.  at  an  angle  of  4°. 

The  coal  beds  of  the  Mancos  shale  are  generally  thin  and  probably 
not  of  workable  thickness  anywhere  along  the  western  border  of  the 
coal  field.  They  occur  in  a  series  of  thin  sandstone  and  shale  beds 
at  the  top  of  the  Mancos  formation. 

No.  102:  About  2 J  miles  northwest  of  Manuelito,  in  rocks  having 
a  low  dip  to  the  west,  Mancos  coal  is  exposed  as  shown  in  the  following 
section : 

Section  of  Mancos  coal  2}  miles  north  of  Manuelito^  at  location  No.  102. 

Ft.  in. 

Fire  clay 8 

Coal,  bony 2 

Coal 6 

Shale 3 

Coal 8 

Sandstone,  argillaceous 3 

Shah',  dark 6 

Coal,  lx)ny  toward  top 2  8 

Shale,  carbonaceous 20 

30      3 
9411— Bull.  316—07 27 
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No.  103:  Six  miles  northwest  of  Defiance  switch  two  coals  of  the 
lower  Mesaverde  are  exposed.  A  section  including  these  beds  is 
as  follows: 

Section  of  lower  Mesaverde  coal-bearing  rocks  at  location  No.  lOS. 

Ft.     In. 

Sandstone,  massive 20 

Shale,  drab 12 

Coal 3      5 

Coal,  Ixmy,  variable 1 

Coal . . . . ' 2      9 

Shale,  carbonaceous 2 

Shale  and  sandstone 8 

Shale,  drab 4 

Coal 1      3 

Coal,  l)ony 6 

Coal 1      3 

Shale,  ('arbonac(M)us 1 

52      7 

No.  104:  Two  miles  west  of  north  of  location  No.  103  the  following 
section  of  the  lower  Mesaverde  is  exposed : 

Section  of  lower  Mesaverde  coal-hearing  rocks  at  location  Ao.  104' 

Ft.     In. 

Shale 25 

Coal,  containing  fossil  rwin 1     10 

Shale,  drab 6 

Coal 1 

Shale,  drab 2 

Coal '....     6 

Sandstone 2 

Shale  and  sandntime 30 

Coal 1 

Shale,  brcnvn 4 

Coal 6 

Shale,  drab 20 

Coal : 4      4 

Coal,  l)ony , 1 

Coal  ....  * 1       6 

Shah' 4 

Coal 1       6 

Shale 3 

114       8 

The  6-foot  bed  near  the  top  of  this  section  is  equivalent  to  the 
upper  bod  exposed  at  location  No.  103.  A  large  area  in  this  vicinity 
is  underlain  by  these  coal  beds  and  promises  to  be  a  good  field  for 
future   development. 

No.  105:  At  the  St.  Michaels  mine,  near  the  St.  Michaels-Oallup 
wagon  road  5  miles  south  of  east  of  St.  Michaels,  Ariz.,  a  coal  bed 
in  the  lower  Mesaverde  was  opened  in  1904  to  supply  fuel  for  the  mia- 
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sion  school  at  St.  Michaels.  A  tunnel  was  driven  35°  E.  for  about 
250  feet.  The  coal  compares  well  with  the  best  coals  of  the  district. 
It  is  53  inches  thick  and  has  a  good  sandstone  roof  and  bony-coal 
floor. 

No.  106:  The  Agency  mine,  situated  7  miles  southeast  of  Fort 
Defiance,  Ariz.,  has  during  the  last  ten  or  twelve  years  supplied  coal 
for  the  Navajo  Agency  and  school  at  Fort  Defiance.  About  600 
tons  are  mined  annually.  The  bed  ranges  from  5  to  6  feet  in  thick- 
ness. The  roof  is  sandstone  and  the  floor  shale.  The  strata  have  a 
low  easterly  dip.  Apparently  the  character  of  the  coal  is  similar 
to  that  mined  at  the  St.  Michaels  and  it  is  probably  the  same  bed. 
Unquestionably  the  coal  beds  are  within  the  lower  Mesaverde. 

In  the  vicinity  of  the  St.  Michaels  and  Agency  mines  several  other 
coal  beds  contained  in  the  lower  Mesaverde  outcrop,  four  or  five  of 
thcni  being  of  workable  thickness  and  good  quality.  About  midway 
between  Fort  Defiance  and  Tohatchi,  near  the  wagon  road  at  the 
foot  of  the  steep  hill,  several  of  these  coal  beds  outcrop,  ranging  up 
to  3  feet  in  thickness.     The  strata  here  dip  70°  E.  at  an  angle  of  10°. 

No.  107:  A  3-foot  bed  of  coal  occurring  in  the  lower  Mesaverde 
outcrops  north  of  the  wagon  road  just  mentioned  6  miles  southwest 
of  Tohatchi.  A  short  distance  north  of  this  locality  the  Mesaverde 
formation  dips  at  an  angle  of  10°  and  disappears  beneath  the  uncon- 
formably  overlying  Tertiary  clay  shale  of  the  Choiskai  Mountains. 

ZUNI    DISTRICT. 

The  Zuni  district  includes  the  extreme  southern  extension  of  the 
coal  field  south  of  the  Gallup  district.  It  occupies  a  narrow  north- 
south  synclinal  basin  and  extends  from  the  latitude  of  ManueUto  on 
the  north  to  Salt  Lake  on  the  south.  East  and  west  the  coal  field 
of  this  district  is  limited  by  southward  continuations  of  the  Nutria 
and  Defiance  monoclines,  respectively. 

Along  the  western  base  of  the  Zuni  Mountains  the  rocks  in  the 
Nutria  monocline  dip  steeply  away  from  the  mountains.  The 
outcropping  edges  of  the  hard  rocks  form  sharp-crested  ridges,  between 
which  are  narrow  valleys  that  have  been  cut  in  the  softer  sandstones 
and  yielding  shales.  South  of  Ramah  the  fold  is  less  pronounced 
and  the  coal-bearing  rocks  dip  gently  toward  the  interior  of  the 
basin.  A  short  distance  south  of  Manuelito  the  rocks  in  the  Defiance 
monocline  become  less  steeply  tilted  until  in  the  latitude  of  Zuni 
village  the  coal-bearing  rocks  dip  gently  to  the  east  toward  the  center 
of  the  district. 

North  of  Zuni  River  the  interior  of  the  coal  field  is  a  wide  piAon- 
covered  table-land.  Its  surface  is  broken  here  and  there  by  pro- 
jecting, isolated  buttes  and  by  canyons.    The  Zuni  plateau,  which 
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includes  the  coal  field  south  of  Zuni  River,  is  bounded  on  the  east  by 
an  extensive  lava  flow,  a  tongue  of  which  crosses  the  coal  field  south 
of  Tarche  in  a  wide  belt  and  extends  as  far  as  the  Arizona  line. 
This  lava  flow  forms  a  prominent  table-land  throughout  its  extent 
and,  in  connection  with  a  fault  of  considerable  magnitude  which  was 
observed  1  mile  south  of  Ojo  Caliente  trending  south  of  east,  isolates 
the  coal  field  in  the  southern  part  of  the  plateau.  This  part  of  the 
district  will  hereafter  be  designated  the  Salt  Lake  region.  The 
relations  of  the  lava  flow,  the  coal  rocks,  and  the  fault  are  shown  on 
the  map  (PI.  XXII)  and  in  the  structure  sections  (PI.  XXIII). 

The  workable  coal  beds  of  this  district  occur  presumably  in  the 
Mancos  formation.  Fossils  were  coUexjted  north  of  Salt  Lake  in 
limy  sandstone  35  feet  below  the  lowest  coal  bed  of  the  district  and 
were  determined  by  Stanton  to  be  of  Colorado  age.  As  has  already 
been  stated,  however,  it  is  possible  that  the  contact  between  the 
Mancos  and  Mesaverde  formations  Ues  between  this  fossil  horizon 
and  the  coal  beds,  and  if  this  is  true  the  coals  would  be  correlated 
with  the  lower  Mesaverde.  No  bed  of  clear  coal  was  observed  of 
greater  thickness  than  4  feet.  Since  in  the  Salt  Lake  region  the  coal- 
bearing  rocks  are  overlain  in  large  areas  by  lava  and  unconformable 
Tertiary  (?)  strata,  a  determination  of  the  presence  of  workable  coal 
beds  can  be  accomplished  only  by  prospecting. 

No.  108:  In  the  monocline,  about  4  miles  east  of  south  from 
Nutria,  the  following  coal  section  is  exposed  in  beds  of  the  Mancos 
formation,  which  dip  S.  40°  W.  at  an  angle  of  16°. 

Section  of  Mancos  coal  bed  at  locaticm  No.  108. 

Ft.    in. 

Sandstone,  coaree-grained 6 

Shale,  dark,  carbonaceous 1 

Coal :.  3      9 

Shale,  carbonaceous 10 

Shale  and  sandstone 12 

Coal 10 

33      7 

The  same  bed,  40  inches  thick,  was  observed  to  outcrop  at  a  point 
about  1  mile  south  of  this  locality. 

Nos.  109  and  110:  Near  the  Nutria-Zuni  road,  midway  between 
these  towns,  two  mines  were  opened  recently  on  coal  beds  of  the 
Mancos  formation.  These  mines  supply  fuel  for  the  Zuni  school  and 
for  use  in  the  construction  of  a  large  dam  at  Blackrock.  At  the 
Harper  mine  (No.  109)  the  lowest  of  three  beds  outcropping  in  the 
vicinity  has  been  opened  by  a  300-foot  slope  on  the  dip  of  the  bed, 
which  is  N.  60°  E.  at  an  angle  of  3°.  The  coal,  as  sho^^Ti  in  the  sub- 
joined section,  is  full  of  partings.  It  is  of  inferior  quaUty,  though 
the  11 -inch  bench  is  an  excellent  blacksmith's  coal. 
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Section  of  Mancos  coal  bed  in  Harper  mine,  at  location  No,  108. 

Shale  roof.  Ft.  in. 

Coal,  bony 4 

Coal 5 

Coal,  bony '. . .  5 

Coal 1      2 

Coal,  bony 5 

Coal 11 

Coal,  bony 5 

Coal 9 

Fire  clav.  

4     10 

The  School  mine  (No.  110),  situated  about  one-half  mile  north- 
west of  the  Harper  mine,  is  in  a  bed  of  coal  about  50  feet  stratigraph- 
ically  above  the  section  just  given.  At  the  time  visited  this  mine 
had  just  been  opened  by  a  short  entry.  An  analysis  of  a  sample 
taken  at  the  working  face  shows  the  coal  to  be  a  good-grade  sub- 
bituminous,  although  rather  high  in  ash.  The  bed  is  40  inches 
thick  and  Ues  between  a  shale  roof  and  a  fire-clay  floor.  About  7 
feet  above  this  coal  occurs  another  bed  which  shows  34  inches  of 
good,  clear  coal.  The  roof  and  floor  are  massive  sandstone,  each 
separated  from  the  coal  by  about  2  inches  of  clay  shale. 

No.  Ill:  Near  the  top  of  the  mesa,  about  10  miles  east  of  Zuni 
village,  the  following  section  of  a  Mancos  coal  bed  was  measured  in 
strata  dipping  eastward  at  a  low  angle: 

Section  of  Mancos  coal  at  location  No.  111. 

Ft.   In. 

Shale,  gray,  sandy 2 

Coal,  bony 1 

Coal,  bony  at  top 2      6 

Coal,  bony 2 

Coal 2      6 

Shale,  drab.  ~~ 

8      2 

No.  112:  About  6  miles  northeast  of  the  Miller  ranch,  underly- 
i»ng  a  massive  pinkish  sandstone  which  is  a  prominent  horizon  marker 
in  this  vicinity,  a  Mancos  coal  bed  3  feet  2  inches  thick,  with  shale 
roof  and  floor,  is  exposed  in  strata  dipping  to  the  north  at  a  low  angle. 
The  same  coal  bed  was  observed*  at  a  point  1 J  miles  farther  west  and 
about  1  mile  north  of  the  Miller  ranch. 

In  the  head  of  Carrizo  Valley,  in  the  Salt  Lake  region,  coal  beds 
are  exposed  in  the  Mancos  formation  at  numerous  places.  The 
maximum  observed  thickness  of  these  beds  is  about  4  feet  of  clear 
coal. 

No.  113:  West  of  the  Salt  Lake-Tarche  wagon  road  about  6  miles 
north  of  Papalota,  where  a  Mexican  store  is  located,  the  subjoined 
section  of  the  Mancos  coal  beds  is  exposed  in  the  mesa  cliff.     The 
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strata  dip  northward  at  a  low  angle  beneath  unconformably  oTerlying 
Tertiary  sediments. 

Section  of  Mancos  coal  beds  at  locaticn  Xo.  US. 

Ft.   in. 

Shalft.  drab 6 

CVial 2      8 

Shale,  bUck , 1 

Shale,  drab 20 

Cxjal,  bcmy I 

Shale 2 

Cxjal,  with  variable  aandstone  parting 2 

Shale 2 

C4JB\ 1 

Oial,  bony 1 

Shale,  Handy 14 

51      9 

No.  114:  One  mile  east  of  the  Salt  Lake-Tarche  wagon  road  and 
6  mileH  east  of  north  of  Papalota,  the  following  coal  section  occurs 
inMancoH  strata,  which  dip  S.  70°  W.  at  an  angle  of  2®: 

SevtUm  of  Mancos  coal  bed  at  location  Xo.  114- 

Ft.    In. 

Sluilc.  <irab 3 

Shale,  carb<jmic'iH)iiH I 

C<»al 2      8 

Shale,  carbonaeeoiit} 1 

Coal 2      2 

Shale,  (lark 1      2 

11 

At  a  point  1  mile  farther  south  the  lower  bench  of  this  coal  bed  is 
26  inches  thick  and  the  parting  measures  nearly  1  foot,  the  upper 
bench  remaining  the  same  thickness. 

No.  115:  Two  miles  southeast  of  location  No.  114  the  following 
secticm  of  Mancos  coal  is  exposed  in  flat-lying  strata: 

Section  of  Mancos  coal  bed  at  location  No.  U5. 

Ft      ill. 

Shah*,  <lark I 

Coal I      II 

( '<nil,  Ixmy 10 

Coal 11 

Coal,  Inmy 2 

Coal I      2 

( 'oal,  Ixmy 5 

(V)al 10 

Coal,  Iwny 4 

Shale,  carbonaceous 5 

Total  coal  bed (>      7 

No.  IIG:  About  4^  miles  north  of  east  of  Papalota  a  bed  of  Mancos 
co&l  outcrops  in  the  escarpments  of  a  wide,  low  mesa.     The  bed  has 
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a  thickness  ranging  from  30  to  36  inches  and  is  free  from  partings 
The  roof  is  sandstone  and  the  floor  carbonaceous  shale.  This  bed  can 
be  mined  mider  a  considerable  area  in  this  vicinity. 

No.  117 :  Eight  miles  north  of  Salt  Lake,  near  the  Provencer  ranch, 
prospectors  from  Silver  City,  N.  Mex.,  about  ten  years  ago  drove  an 
entry  for  30  feet  in  a  Mancos  coal  bed.  It  is  reported  that  $1,000 
was  spent  by  these  people  in  prospecting  the  coal  beds  of  this  vicinity 
and  that  30  coal  entries  were  filed  on  but  never  proved  up.  The 
entry  just  referred  to  shows  the  following  section: 

Section  of  Mancos  coal  at  Provencer  prospect,  location  No.  117. 

Shale.  Ft.   in. 

Coal 2 

Coal;  bony,  saudy i 

Coal 1 

Coal,  bony,  sandy J 

Coal 1 

Shale,  brown,  carbonaceous.  4      1 

No.  118:  About  2  miles  north  of  west  of  location  No.  117  the  Mancos 
coal-bearing  rocks  show  the  following  section,  which  includes  the 
thickest  and  best  coal  beds  observed  in  this  vicinity: 

Section  of  Mancos  coal  beds  at  location  No.  118. 

Shale.  Ft.   in. 

Coal 4 

Shale 6 

Coal 3      6 

Shale.  13      6 

This  section  occurs  about  80  feet  above  the  limy  sandstone  men- 
tioned on  page  380,  in  which  fossils  of  Colorado  age  were  collected.    - 

CHARACTER  OP  COAL. 

Throughout  the  Durdngo-Gallup  field  the  coals  have  a  bright  luster 
and  are  clean  to  handle.  When  freshly  mined  they  are  hard  but 
brittle  and  break  badly  with  handling,  thus  producing  a  high  per- 
centage of  fine  coal.  This  fine  coal  or  slack  is  in  the  greater  part  of 
the  area  waste,  as  the  coals,  except  those  in  the  Diu*ango  region,  do 
not  coke.  In  the  Gallup  district  this  waste  amounts  to  nearly  20  per 
cent  of  the  run-of-mine  coal.  In  the  vicinity  of  Durango,  however 
the  fine  coal  is  coked  and  the  product  used  in  the  smelters  of  the 
region.  The  coke  gives  excellent  satisfaction,  but  id  reported  not  to 
bear  shipment  well,  being  somewhat  brittle. 

In  the  Gallup  district  the  coals  have  a  low  specific  gravity  and  give 
the  best  satisfaction  under  stationary  boilers,  as  imbumed  fragments 
of  the  coal  blow  out  of  the  stacks  of  locomotives  on  account  of  high 
forced  draft.  Throughout  the  field  the  coals  are  good  domestic  and 
steam-producing  coals. 
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During  the  present  work  samples  representative  of  the  various  coal 
beds  were  collected  from  mines  and  prospects  in  the  coal  field.  Each 
sample  was  taken  with  great  care  and  is  thought  to  be  representative  of 
the  bed  in  the  opening  in  which  it  was  taken:  With  two  or  three 
exceptions,  all  the  samples  were  taken  by  making  a  cut  across  a  fresh 
working  face,  including  all  the  coal  mined  and  excluding  such  part- 
ings as  in  practice  are  rejected.  This  material  was  pulverized  and 
quartered  in  the  mine  and  sent  in  sealed  cans  to  the  United  States 
Geological  Survey  fuel-testing  plant,  where  the  analyses  given  in  the 
following  tables  were  made  by  F.  M.  Stanton. 

Proximate  analyses  of  coals  from  Durango-Gallup  field,  Colorado-New  Mexico. 


2 
3 


5 

6 

7 

8 

9 

10 

11 
12 
13 

14 
15 
16 
17 
18 
19 
20 

21 
22 

23 
24 
25 
26 
27 
28 


Location. 


8  miles  north  of  Mancos,  Colo . 

Porter  Colo 

do 


.do. 


Near  Durango,  Colo 

Porter,  Colo do 


do. 

Hesperus,  Colo 

Near  Durango,  Colo. 

Hesperus,  Colo 

5  miles   northeast 

N.  Mex. 
Mancos,  Colo 

do 


Formation. 


Dakota 

Mesaverde. 
do 


of  Pendleton, 


.do.., 

do... 

do... 

do... 

Laramie. 


Mesaverde. 
...do 


^"mm"^'^^^  °'   Pendleton,  JLaramie... 

Mancos,  Colo I  Mesaverde.. 

1  mile  west  of  Putnam,  N.  Mex do 

3  miles  north  of  Gallup,    N.  Mex ' do , 

1}  miles  east  of  Gallup,  N.  Mex ! do 


do 

do 

|Laramie... 

Mesaverde. 
Mancos 


South  of  Cortex,  Colo. 

7  miles  east  of  St.  Michaels,  A ri£... 

U  miles  northwest  of   Fruitland, 

N  Mex. 

Clarkville,  N.  Mex 

10  miles  northeast  of  Blackrock, 

N.  Mex.  I 

1^  miles  east  of  Gallup,  N.  Mex '  Mesaverde. . 

3  miles  north  of  Gallup,  N.  Mex do 

1^  miles  east  of  Gallup,  N.  Mex do , 

3  miles  north  of  Gallup,  N.  Mex do 

30  miles  west  of  Putnam,  N.  Mex do 

17  miles  northeast  of  Thoroau,  N.  ,  Mancos 

Mex.  I 


Name   of  coal 
bed. 


Porter  No.  3. 


Carbonero. 


Spencer. 
do.. 


Carbonero. 
Spencer 


Weaver  No.  3. 

Otero 

Spencer 


Carbonero. 


Thatcher 

No.3i....... 

Crown  Point 
No.3i 


Thick- 
ness 
of  coal. 


Sampler. 


Ft. 

2 

3 
2 

5 

2 
3 
5 
6 
5 
4 

4 

3 


in.  I 
Q  /J.  A.  Tall. 
^  l\C.  D.  Smith. 
7J   J.  A.  Taff. 
Do. 
/J.  A.  Taff, 
\C.  D.  Smith. 
J.  A.  Taff. 
M.  R.  Campbell. 
J.  A.  Taff. 
M.  K.  Shaler 
Do. 
Do 


A.  Taff. 

A.  Taff. 

D.  Smith. 
.  C.  Schrader. 
.  K.  Shaler. 

11.  Gardner. 
.  K.  Shaler. 
.  R.  Campbell. 
Do. 

H.  Gardner. 
.  K.  Shaler. 

C.  Schrader. 
.  K.  Shaler. 
.  K.  Shaler. 
Do. 


7  0 

3  0 
6  2 

4  1 

5  1 

2  5 

4  5 

5  0 

8  6 

3  4 

4  0 

6  9 

5  6 

6  9 

3  2 

4  9 


M.  R.  Campbell. 

Do. 

Do. 

Do. 
M.  K.  Shaler. 
F.  C.  Schrader. 
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Proximate  tmalipta  of  cfntU  from  Durmtgo-GalhtpfitUi,  Cobirado-Ntv)  Mezito — Cont'd. 
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The  ultimate  analyses  given  in  the  second  of  these  tables  and  the 
physical  character  of  the  coals  show  that  they  may  be  classified  as 
ranging  in  quality  from  high-grade  bituminous  to  high-grade  sub- 
bituminous  coals.  According  to  the  carbon-hydrogen  ratio  of  classi- 
fication proposed  in  1905  by  M.  R.  Campbell,"  these  coals  fall  into 
the  following  groups  : 

The  Perrine  Peak  coal  of  the  Mesaverde  formation  falls  into  group 
G,  which  includes  high-grade  bituminous  coals  of  the  Appalachian 
field  from  West  Virginia,  Pennsylvania,  Kentucky,  Alabama,  etc. 
All  the  Mesaverde  coals  of  the  Durango-Porter  region  likewise  fall  into 
this  group. 

The  coals  from  Hesperus  and  Mancos  fall  into  group  H,  which 
includes  the  best  bituminous  coals  of  the  eastern  and  western  interior 
coal  fields  from  Indian  Territory,  Kansas,  Illinois,  Kentucky,  Iowa, 
Missouri,  etc. 

The  coals  from  the  neighborhood  of  St.  Michaels,  Ariz.,  and  of 
Blackrock,  N.  Mex.,  fall  into  group  I,  which  includes  lower-grade 
bituminous  coals  from  Iowa,  Illinois,  Indiana, Wyoming,  Montana,  etc. 

The  Mesaverde  coals  from  the  Chaco  region  and  from  the  Gallup 
district  fall  into  group  J,  which  includes  subbituminous  coals  and 
lignites  from  Texas,  Colorado,  North  Dakota,  and  Wyoming. 

According  to  the  analyses  made  at  the  United  States  Geological 
Survey  fuel-testing  plant  of  samples  of  coal  collected  during  1906  by 
various  members  of  the  Survey  in  different  coal  fields  of  the  West, 
given  elsewhere  in  this  volume,  the  high-grade  bituminous  coals  of 
the  Durango  region  are  as  good  as  the  best  bituminous  coals  in  any 
other  of  these  western  fields.  The  Laramie  coal  of  the  Durango- 
La  Plata  region  has  a  higher  fuel  value  than  any  other  coals  of  that 
age  in  the  West  except  those  of  the  Grand  River  and  Book  Cliffs 
fields  of  Colorado  and  eastern  Utah. 

A  classification  based  on  proximate  analyses  is  very  satisfactory 
for  the  comparison  of  coals  of  a  similar  gra<le  in  any  one  area.  As 
will  be  seen  by  reference  to  the  first  of  the  two  foregoing  tables,  in 
which  the  analyses  are  arranged  in  the  order  of  their  relative  fuel 

values  according  to  the  ratio  ,,  ,     ./  -  -  the  coals  of  the 

V  olatile  matter  +  water, 

Durango-IIesperus-Laplata  region  are  the  best  in  the  field;  the  Mesa 

Verde  coals,  except  that  of  the  Todd  mine,  are  second,  and  the  coals 

of  the  area  south  of  San  Juan  River  are  the  poorest  in  quality. 

Ash  being  left  out  of  consideration,  it  is  thus  plain  that  the  quality 

of  the  coals  in  this  field  is  in  a  general  way  not  dependent  on  geologic 

age,  but   on  the  degree  of  metamorphism  that  they  have  suffered. 

Verj'  evidently  the  proximity  of  tlie  coals  of  the  northern  part  of  the 

aClassifloation  of  coals:  Trans.  Am.  Inst.  Min.  Eng.,  Washington  meeting.  May  1, 1905. 
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area  to  the  great  San  Juan  uplift  had  a  controlling  influence  over  this 
greater  degree  of  metamorphic  change. 

Wore  it  not  for  the  high  percentage  of  ash  and  water  present  in  the 
coals  of  Laramie  age,  in  the  northern  part  of  the  field,  their  fuel 
values  would  be  equal  to  those  of  the  Mesaverde  coals  of  that  region. 

DEVBIX>PMBNT  AND   MARKETS. 

The  earliest  development  of  the  coal  resources  of  this  field,  outside 
of  small  workings  to  supply  a  limited  domestic  demand,  began  with 
the  advent  of  the  railroads.  The  Denver  and  Rio  Grande  Railroad 
reached  Durango  in  1881.  It  was  late  in  the  eighties,  however, 
before  any  great  activity  in  coal  mining  began  in  the  northern  part  of 
the  field.  In  the  vicinity  of  Gallup,  coal  mining  began  late  in  1881  or 
early  in  1882,  at  about  the  time  the  Atlantic  and  Pacific  Railroad 
(Atchison,  Topeka  and  Sante  Fe)  reached  Gallup  from  the  East. 
The  Rio  Grande  Southern  Railway  was  built  northwestward  from 
Durango  in  1892. 

The  total  coal  production  to  date  in  that  part  of  the  Durango-Gal- 
lup  field  under  consideration  is  10,000,000  short  tons,  valued  at  the 
mines  at  approximately  $15,000,000.  The  output  since  1901  has 
been  about  650,000  tons**  yearly,  without  any  considerable  variation 
from  year  to  year  during  that  period.  Coke  has  been  produced  in 
the  Durango  region  to  the  value  of  about  $30,000  yearly  since  the 
advent  of  the  Rio  Grande  Southern  Railwav. 

The  greatest  development  has  taken  place  in  the  Gallup  district, 
where  the  output  since  1900  has  trebled  that  of  the  remainder  of  the 
field.  That  the  development  in  this  district  is  not  greater  is  due  to 
a  single  factor — laxjk  of  demand  for  the  product.  The  demand  for 
Gallup  coal  is  kept  at  its  present  status  partly  on  account  of  the  sub- 
stitution of  oil  from  California  and  Texas  for  coal  as  fuel  on  the  rail- 
ways of  the  West  and  Southwest,  and  partly  on  account  of  the  lack 
of  direct  railway  connection  with  the  mining  region  of  southern 
Arizona  and  the  absence  of  railway  competition  which  might  lessen 
freight  rates.  Aside  from  the  Gallup  district  most  of  the  develop- 
ment of  the  coal  resources  of  this  field  has  been  in  the  Durango- 
Mancos  district.  The  market  for  this  part  of  the  field  is  the  mining 
canif)s  of  the  San  Juan  region  and  the  Denver  a;nd  Rio  Grande  and 
Rio  Grande  Southern  railways. 

The  development  in  this  coal  field  has  been  entirely  dependent  on 
railway  facilities.  There  are  good  markets  for  coal  and  coke  which 
could  be  economically  reached  from  any  part  of  the  field  if  railway 
connections  were  established  and  freight  rates  were  rendered  more 
reasonable  by  competition. 

a  This  figure  includes  ooal  made  into  ooke. 
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Throughout  the  field  the  conditions  for  economical  mining  are  favor- 
able so  far  as  topography  is  concerned.  Railways  with  light  grades, 
to  which  the  coal  beds  of  the  area  would  be  easily  accessible,  could  be 
constructed  almost  anywhere  through  the  field.  In  the  northern, 
western,  and  southern  parts  timber  available  for  mining  purposes  is 
at  hand,  but  the  country  in  the  vicinity  of  Rio  Chaco  is  barren  of 
forests.  In  the  interior  of  the  field  water  in  quantity  can  undoubtedly 
be  obtained  at  moderate  depths  by  boring.  This  has  already  been 
proved  in  the  Gallup  district,  where  an  ample  supply  of  artesian 
water  has  been  obtained  at  a  depth  of  about  1,000  feet.  In  the 
northern  part  of  the  field  the  streams  carry  an  abundant  water  supply 
throughout  the  year. 


THK  UNA  DEL  GATO  COAL  FIELD,  SANDOTAL  COUNTY, 
N.  MEX. 


By  MARiua  R,  Campbell. 


General  description. — The  Una  del  Gato  coal  field  is  located  in 
Sandiival  County,  X.  Max.,  about  15  miles  south  of  Los  Cerrillos 
ami  14  miles  east  of  a  stopping  place  on  the  Santa  Fe  Railway 
known  as  Algodones.  (See 
fig.  4.)  It  lies  in  a  depression 
between  the  Ortiz  Mountains 
on  the  east  and  the  north  end 
of  the  Sandia  Range  on  the 
soutliwest.  The  coal  is  best 
developed  in  T.  13  N.,  R.  6 
E.,  but  it  is  known  to  extend 
to  the  north  into  T.  14  N.,  R. 
6  E.,  and  to  the  east  intoT.  13 
N.,  R.  7  E.  It  is  probably 
connected  with  the  Cerrillos 
coal  field,  but  the  intervening 
country  is  so  deeply  covered 
with  gravel  that  the  indurated 
rocks  are  largely  concealed, 
and  hence  the  exact  relation- 
ship is  unknown. 

The  field  is  not  yet  devel- 
oped on  a  commercial  scale,  as 
it  has  no  raihoad  connection. 
The  most  work  has  been  done 
at  the  south  end,  in  what  is 
knowTi  as  the  Hagan  field. 
This  is  mainly  comprised  in 
.sees.  33  and  34,  T.  13  N.,  R.  6 
E.  Another  point  of  development  is  in  sec.  17,  in  what  is  known  as 
the  Sloan  field.  The  northern  extremity  has  been  extensively  worked 
in  the  past  and  is  known  as  the  Pina  Vititos  field. 
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In  the  hasty  visit  which  the  writer  paid  to  this  field  no  opportunity 
was  afforded  for  determining  the  age  of  the  coal-bearing  rocks,  but 
it  is  highly  probable  that  they  are  Laramie,  corresponding  to  the 
coal-bearing  beds  of  the  Cerrillos  field.  In  the  Una  del  Gato  field 
the  coal  beds  occur  in  a  formation  composed  largely  of  sandstone. 
Its  character  is  well  shown  by  the  following  section,  measured  by 
Charles  R.  Keyes,**  near  the  Sloan  mine: 

Sectiori  of  coal-bearing  rocks  at  Sloan  mine. 

Ft.     in. 

Sandstone,  massive,  yellow 20 

Shale,  drab 4 

Coal ; 2 

Shale,  sandy 6 

Coal 2 

Clay 6 

Coal 2 

Shale,  dra)) 5 

Coal 1 

Sandstone,  soft,  yellow 5 

Coal 4 

Shale,  sandy 4 

Sandstone,  yellow 3 

Shale,  variegated 20 

Sandstone,  yellow 2                 / 

Shale,  light 10 

Coal,  impure  on  outcrop 5 

Shale,  with  6  inch<»s  of  gypsum 11 

Sandstone,  shaly 3 

Shale,  drab 5  ' 

Coal 1 

Shale,  light 8 

Coal 1 

Sandstone,  generally  massive 116 

240      6 

The  country  between  the  mountain  ranges  has  been  reduced  to  a 
peneplain  and  then  deeply  covered  with  gravel.  On  account  of  this 
covering  the  coal  beds  are  \asiblo  only  where  the  gravel  cap  has  been 
removed.  The  rooks  are  thus  exposed  throughout  sees.  33  and  34, 
T.  13  N.,  R.  6  E.,  striking  east  and  west  and  dipping  about  15**  N. 
Near  the  center  of  sec.  33  the  rim  of  the  basin  turns  to  the  north 
almost  at  right  angles  and  the  rocks  are  well  exposed  for  a  distance 
of  3  miles  to  the  Sloan  mine.  Throughout  this  course  the  strike  is 
nearly  north  and  south  and  the  dip  about  20°  E.  North  of  the  Sloan 
mine  the  mesa  is  not  dissectesd  for  about  2  miles  and  consequently 
the  rocks  do  not  appear,  but  they  are  again  well  exposed  in  sec.  32, 
T.  14  N.,  R.  6  E.,  in  what  is  known  as  the  Pina  Vititos  field,  where  a 
small  stream  has  cut  across  the  rim  of  the  basin,  exposing  all  of  the 
beds. 

o  Unpublished  private  report. 
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Hagan  mine. — This  is  the  most  important  mine  in  the  field.  It  is 
located  near  the  center  of  sec.  33,  T.  13  N.,  R.  6  E.,  at  the  point 
wliere  the  rim  of  the  basin  turns  abruptly  from  an  east-west  to  a 
north-south  course.  The  coal  mined  is  known  locally  as  the  Hope- 
well bed.  It  outcrops  near  the  base  of  the  cliffs  and  the  mine  has 
been  driven  down  on  the  dip  (about  15°)  for  more  than  700  feet. 
In  that  distance  the  coal  bed  holds  remarkably  constant,  ranging 
from  a  little  less  than  4  feet  to  4  feet  3  J  inches  in  thickness.  Generally 
it  is  free  from  shale  or  clay  partings,  but  near  the  mouth  of  the  mine 
a  small  parting  is  present.  The  roof  and  floor  are  both  composed  of 
massive  sandstone,  which  makes  mining  comparatively  simple. 
Although  the  mine  is  located  at  the  point  where  the  strike  changes 
abruptly,  the  coal  does  not  appear  to  be  materially  disturbed  by 
faults  or  minor  folds. 

The  coal  is  of  excellent  appearance,  hard  and  bright,  and  evidently 
belongs  to  the  bituminous  class. 

Other  coal  beds  occur  in  the  same  section,  but  they  are  either  too 
small  or  too  impure  for  commercial  use. 

Sloan  mine. — This  mine  is  located  near  the  middle  of  sec.  17, 
T.  13  X.,  R.  6  E.  The  rocks  are  considerably  disturbed  by  faults 
which  cut  them  in  various  directions.  Much  of  the  exploratory  work 
at  this  place  has  been  wasted  on  account  of  failure  to  recognize  these 
fauhs,  and  any  permanent  mine  work  to  be  successful  must  be  so 
planned  as  not  to  be  affected  by  them.  Several  coal  beds  are  exposed, 
but  no  attempt  was  made  to  determine  the  total  number.  The  most 
prominent,  supposed  to  be  the  same  as  the  Hopewell  bed  at  the  Hagan 
mine,  has  the  following  section: 

Section  of  coal  bed  at  Sloan  mine. 

Ft.     In. 

Coal 1      9 

Shalo 8i 

Coal 1      3 

3      Si 

Pina  Vititos  field. — Apparently  the  same  beds  are  exposed  in  the 
Pina  Mtitos  field  as  were  se«n  at  the  Sloan  and  Hagan  mines.  The 
Hopewell  bed  has  been  extensively  mined  in  the  past  and  seems  to 
nm  about  4  feet  in  thickness.  A  bed  12  or  15  feet  below  the  Hopewell 
has  the  following  section: 

Section  of  coal  bed  in  Pina  Vitilos  field. 

Ft.     In. 

Coal 1       li 

Shale 1      3J 

Coal 7i 

Shale Ill 

Coal 1       6 

5      6 


480       CONTBIBUTIONS  TO  ECONOMIC   GEOLOGY,  1906,  PART   II. 

Analyses. — The  chemical  composition  of  the  Hopewell  coal  is  shown 
by  the  following  analyses  made  from  samples  collected  by  the  writer 
in  the  south  end  and  in  the  middle  of  the  field : 


Analyses  of  coal  from  Una  del  Gato  field. 
[E.  E.  Somenneier,  analyst.] 


Laboratory  No. 

Moisture 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


South  end 

Middle  of 

of  field. 

field. 

1012 

1013 

7.81 

9.(J8 

44.72 

42.32 

41.80 

41.36 

5.67 

6.64 

.69 

.66 

It  has  also  been  tested  by  the  owners,  who  rep)ort  the  following 
analyses,  made  at  the  Pittsburg  Testing  Laboratory  (Limited). ** 
The  writer  has  no  knowledge  of  how  the  sampUng  was  done,  nor  of 
how  the  samples  were  handled  afterwards.  The  analyses  are  given 
merely  for  what  they  are  worth: 

Analyses  of  coals  front  the  Una  del  Goto  field. 


Moisture 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


Sloan 
mine. 


7.28 
42.49 
43.00 

6.63 
.67 


Plna 

Vititos 

mine. 


9.03 
42.35 
44.17 

4.45 
.66 


a  Unpublished  private  report  of  Charles  R.  Keyes. 


COAL  IN  THE  YICINITY  OF  FORT  STANTON  RESERVA- 
TION, LINCOLN  COUNTY,  N.  MEX. 


By  Mabius  R.  Campbell. 


During  the  past  year  the  writer  made  a  hurried  examination  of  the 
Fort  Stanton  PubUc  Health  and  Marine-Hospital  Service  Reservation 
and  immediate  vicinity  in  search  of  coal.  Although  the  work  was 
rapidly  done  and  only  a  small  area  examined,  certain  facts  regarding 
the  occurrence  of  coal  in  that  field  were  determined  which  seem  to  be 
of  sufficient  importance  to  justify  publication. 

The  Fort  Stanton  Reservation  is  located  about  6  miles  west  of 
Lincoln,  the  county  seat  of  Lincoln  County,  N.  Mex.  It  occupies  the 
valley  of  Bonito  Creek,  which  heads  in  the  White  Moimtains  to  the 
southwest,  and  it  extends  northward  nearly  to  the  foothills  of  the 
Capitan  Range.  Access  to  the  reservation  is  had  by  wagon  road  from 
Roswell,  on  Pecos  River,  50  miles  to  the  east,  or  by  a  branch  line  of 
the  El  Paso  and  Southwestern  System  from  Carrizozo  on  the  west. 
This  branch  railroad  was  originally  built  to  develop  the  coal  mines  at 
Capitan,  but  since  the  mines  as  well  as  the  railroad  have  passed  into 
the  hands  of  the  El  Paso  and  Southwestern  System,  mining  has  been 
abandoned  and  train  service  has  been  all  but  discontinued.  Accord- 
ing to  report,  mining  was  stopped  on  account  of  the  great  number  of 
dikes  encoimtered  and  because  the  coal  could  not  compete  with  that 
from  the  Dawson  mines  in  Colfax  County,  which  were  acquired  by  the 
same  company. 

The  geologic  relations  in  the  Capitan  coal  field  are  not  easily  made 
out,  as  the  country  is  seamed  and  cut  by  dikes  in  all  directions  and  by 
at  least  one  fault  of  considerable  proportions.  The  coal-bearing 
rocks  of  the  field  have  been  called  Laramie,  but  apparently  on  no 
'evidence  except  that  they  are  probably  Cretaceous  in  age  and  lie 
above  the  Benton  (Colorado)  shale.  Fossils  are  not  abundant  in  the 
coal  field,  but  the  writer  made  a  small  collection  of  fossil  leaves  from  a 
sandstone  bed  closely  ujiderlying  the  coal  at  an  abandoned  mine 
about  a  mile  west  of  the  village  of  Capitan.  The  material  was  not 
sufficient  for  a  final  determination,  but  according  to  the  following 
report  of  F.  H.  Knowlton  is  classed  as  probably  of  Laramie  age : 

From  this  small  but  interesting  collection  I  have  been  able  to  identify  the  following 
forms  with  a  considerable  degree  of  certainty:  Cinnamomum  affine  Lesq.,  Phtunus 

9411— Bull.  31ft— 07 28  431 
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Raynoldgii  f  Newby,  Popuhus  sp.?  cf.  P.  melanarioides  Lesq.  The  most  abundant 
form  in  the  collection  ia  the  Cinnamomum,  which  appears  to  bo  the  C.  qffint  of  Les- 
quereux,  but  the  leaves  are  rather  smaller  than  the  normal  leaves  of  that  species  and 
not  all  of  them  quite  agree  with  the  types."  It  may  be  that  it  is  a  new  but  rlosely 
related  species,  though  if  a)rrectly  determincKl — and  I  believe  it  is — ^it  would  indicate  a 
Laramie  age  for  the  beds.  The  specimen  identified  with  Plaianus  Raynoldtii  is  a  mere 
fragment  fmm  the  base  of  the  leaf,  but  it  can  hardly  be  another  species.  The  Popuhu 
is  a  smaller  leaf  than  the  type  specimen  of  P.  mi^lanarioideSf  but  is  otherwise  indis- 
tinguishable.   My  opinion  is  that  the  beds  in  question  are  Laramie  in  age. 

The  extent  of  these  beds  could  not  be  determined,  but  from  their 
widespread  distribution  on  the  summit  northwest  of  Capitau  and  along 
Bonito  Creek  it  seems  that  they  must  have  a  thickness  of  many  hun- 
dreds of  feet,  possibly  approacliing  1 ,000  feet.  In  general  they  con- 
sist of  sandstone  and  shale,  the  former  buff  or  yellowish  white, 
and  the  latter  variegated  in  color,  with  reds  and  greens  of  common 
occurrence.  Coal  beds  are  present  in  tliis  formation,  but  most  of 
them  seem  to  be  small,  having  a  thickness  of  only  a  few  inches. 

In  the  vicinity  of  Capitan  there  is  at  least  one  coal  bed  of  workable 
thickness,  which  has  been  prospected  along  the  outcrop  from,  a  point 
about  1  i  miles  southwest  of  the  village  northward  for  a  distance  of  2 
or  3  miles.  Many  openings  have  been  made  and  coal  has  been  mined 
at  various  places  along  this  line  of  outcrop.  The  two  principal  mines 
were  known  as  Capitan  Nos.  1  and  2.  Mine  No.  1  is  located  in  sec.  4, 
T.  9  S.,  11.  14  E.,  and  mine  No.  2  in  the  E.  J  NE.  }  sec.  8,  T.  9  S.,  R. 
14  E.  All  work  is  now  abandoned  except  in  mine  No.  1,  which  is 
leased  by  local  residents  and  in  which  a  small  amount  of  coal  is  being 
mined  for  home  consumption. 

The  coal  is  bright  and  hard  enough  to  stand  transportation.  No 
chemical  analyses  are  available  by  wliich  to  determine  its  character- 
istics, but  from  physical  appearance  it  should  be  classed  undoubtedly 
as  a  bituminous  coal.  No  measurements  were  made  of  the  thickness 
of  the  bed  in  mine  No.  1,  but  near  the  mouth  of  mine  No.  2  the  coal 
has  the  following  section: 

Sfctitm  of  Capitan  ami  brd  in  mine  Xo,  S. 

SaiKlHtonr  rcM)i.  Ft.  In. 

Cottl 1       7 

Shal<- 4 

C<»al ^  3      6 

5      5 

The  fossil  plants  noted  above  were  obtained  from  the  vicinity  of 
this  mine.  Both  Nos.  1  and  2  are  sloix*  mines,  the  coal  bed  dipping 
about  4°  to  8°  SW. 

As  shown  by  the  accompanying  sketch  map  (fig.  5),  the  coal  out- 
crops in  a  nearly  north-south  direction,  approximately  along  the  line 
betw<M»n  sees,  4-5  and  8-0.     To  the  north  it  probably  passes  into 
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T.  8  S.,  R.  14  E.,  but  its  outcrop  was  not  definitely  located.  South  of 
mine  No.  2  the  outcrop  can  be  followed  for  a  distance  of  about  a  mile 
to  a  point  where  it  is  cut  off  abruptly  by  a  fault  which  extends  at  least 
across  parts  of  three  tiers  of  townships.  This  fault  passes  about  half 
a  mile  west, of  Capitan  in  a  nearly  north-south  direction.  A  little 
south  of  the  village  it  swings  to  the  west  and  passes  about  800  feet 
west  of  the  west  comer  (No.  47)  of  the  Fort  Stanton  Reservation. 
From  this  point  it  trends  nearly  southward  for  2  miles  and  then  swings 
to  the  southwest,  crossing  Bonito  Creek  just  above  the  main  road, 
about  2  miles  east  of  Angus.     From  this  point  on  Bonito  Creek  the 


Fig.  5.  -Geologic  sketch  map  of  Fort  Stanton  Reservation  and  vicinity.  New  Mexico. 

fault  trends  to  the  southwest  in  the  direction  of  Ruidoso,  where  coal 
of  workable  thickness  is  reported.  It  seems  possible  that  the  Capitan 
coal  bed  reappears  near  Ruidoso  and  that  in  the  intermediate  area  it 
is  so  far  below  the  surface  as  to  be  beyond  reach. 

Time  did  not  permit  an  extended  reconnaissance  to  determine  the 
relation  of  the  rocks  on  the  two  sides  of  this  fault,  but  enough  was 
seen  to  warrant  the  belief  that  the  beds  on  the  east  side  have  been 
raised  relative  to  the  coal-bearing  rocks  on  the  west  side.  The  amoimt 
of  displacement  could  not  be  determined.  It  seems  probable,  how- 
ever, that  it  is  not  great,  and  that  in  the  vicinity  of  Capitan  it  may 
be  less  than  200  feet. 
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The  rocks  exposed  east  of  the  fault  show  the  following  section,  the 
thicknesses  being  estimated : 

Creologic  section  in  Fort  Stanton  Reservation, 

Feet. 

1.  Sandstone,  massive,  yellowish  brown;  highest  rock  east  of  fault; 

caps  mesa  southwest  of  Capitan,  possibly  base  of  Laramie 100 

2.  Shale,  mainly  dark,  almost  black  at  base  (fossiliferous) 500 

3.  Sandstone,  massive,  traces  of  plant  stems 100 

4.  Shale  and  sandstone,  the  former  variegated 300 

5.  Limestone,  gray  (sparingly  fossiliferous) 700 

6.  Shale,  variegated. 

The  only  fossil  found  in  No.  1  is  an  oyster,  which  is  not  distinctive, 
but,  according  to  T.  W.  Stanton,  may  be  of  Montana  age.  A  few 
fossils  were  found  at  the  base  of  No.  2,  at  the  southwest  comer  of  sec. 
22,  T.  9  S.,  R.  14  E.,  and  also  near  the  upper  (No.  2)  gate  of  the 
reservation  in  the  SW.  }  sec.  9,  T.  10  S.,  R.  14  E.  Doctor  Stanton 
reports  on  these  as  follows: 

The  lot  from  near  the  upper  gate  of  the  Fort  Stanton  Reservation  consists  of  dark 
calcareous  shale,  with  many  specimens  of  Iruxxramus  labiatus  Schloth.  and  some 
imperfect  imprints  of  two  species  of  ammonites,  probably  belonging  to  the  genus 
Prionotropis.    The  horizon  is  in  the  Benton  group. 

The  dark  shale  identified  by  Doctor  Stanton  as  Benton  rests 
directly  upon  a  massive  sandstone,  supposed  to  be  Dakota,  that  is 
well  exposed  in  the  gorge  of  Salado  Creek,  one-half  mile  east  of 
Capitan,  where  it  dips  to  the  west  and  passes  under  the  dark  shale 
forming  the  valley  in  which  the  village  is  located.  From  its  outcrop 
on  Salado  Creek  the  sandstone  swings  to  the  south  and  enters  the 
reservation  in  the  vicinity  of  gate  No.  4.  It  is  not  well  exposed  on 
the  road  from  Fort  Stanton  to  gate  No.  4,  but  can  be  seen  in  every 
side  ravine  entering  Bonito  Creek  from  the  west  above  the  sanato- 
rium. This  bed  crosses  Bonito  Creek  about  a  mile  below  gate  No.  2 
and  then  passes  out  of  the  reservation  between  gate  No.  2  and  the 
south  comer. 

Traces  of  coal  were  found  in  this  sandstone,  but  nothing  of 
economic  importance.  Toward  the  base  the  massive  sandstone  is 
replaced  by  thinner-bedded  sandstones  accompanied  by  shale.  At 
the  time  of  the  visit  these  lower  beds  were  regarded  as  part  of  the  same 
formation,  but  on  comparison  with  other  sections  in  the  Territory  it 
seems  probable  that  the  beds  below  this  massive  sandstone  are  of 
Morrison  age,  and  consequently  are  not  directly  related  to  the 
Dakota  sandstone. 

The  shale  and  sandstone  beds  of  the  supposed  Morrison  formation 
rest  upon  a  great  mass  of  gray  limestone,  which  covers  the  eastern 
half  of  the  reservation  and  which  is  supposed  to  be  of  Carboniferous 
age,  although  no  fossils  were  obtained  by  which  to  determine  this 
point.  The  limestone  is  apparently  underlain  by  reddish  shale,  but 
the  writer  had  no  opportunity  of  examining  this  part  of  the  sections, 
and  consequently  knows  little  regarding  it,  except  what  could  be 
/^een  from  a  distance. 


COAL  OF  STONE  CANYON,  MONTEREY  COUNTY,  CAl. 


By  Mabius  R.  Campbell. 


In  Contributions  to  Economic  Geology  for  1905,  Ralph  Arnold 
published  a  brief  account  ^  of  the  coal  bed  showing  in  Stone  Canyon, 
in  the  southeast  comer  of  Monterey  County,  Cal.  From  his  descrip- 
tion the  coal  appears  to  be  exceptionally  good  for  this  region;  and  so 
the  writer,  during  the  last  year,  made  a  brief  examination  of  the 
mine  and  sampled  the  coal  for  chemical  analysis. 

As  noted  by  Arnold,  the  coal  is  unique  as  regards  its  geologic  age, 
but  the  presence  a  few  feet  above  the  coal  bed  of  a  richly  f ossilif erous 
sandstone  fixes  its  age  as  Lower  Miocene  beyond  the  possibility  of 
a  doubt. 

The  coal  bed  lies  very  close  to  the  contact  between  the  Miocene 
sandstone  and  the  Franciscan  chert  and  serpentine.  The  yoimger 
beds  rest  in  a  syncline  upon  the  older  rocks,  and  considerable  time 
and  money  have  been  spent  searching  for  the  outcrop  of  this  coal 
bed  on  the  other  limb  of  the  syncline,  along  the  contact  of  what  has 
always  been  supposed  to  be  the  same  formations.  The  chief  value 
of  Arnold's  contribution  is  that  he  has  shown  conclusively  that  the 
coal-bearing  sandstones  are  overlain  imconformably  by  the  Upper 
Miocene  sandstones  and  shales,  and  that  it  is  the  latter  rocks  which 
are  in  contact  with  the  Franciscan  on  the  northeastern  Umb  of  the 
trough.  According  to  this  determination  the  horizon  of  the  coal  bed 
is  not  present  in  that  region,  and  consequently  search  for  it  in  the 
past  has  been  unrewarded,  and  in  the  future  will  yield  only  negative 
results. 

At  the  tfane  of  Arnold's  visit  it  was  supposed  that  the  clay  which 
lies  below  the  coal  and  which  is  conmioidy  regarded  as  forming  the 
foot  wall  was  residual  clay,  resulting  from  the  decay  of  the  serpen- 
tine rocks  (Franciscan).  Since  t  hat  time,  however,  a  crosscut -or 
tunnel  has  been  driven  from  the  coal  bed  for  a  distance  of  50  feet 
toward  the  Franciscan;  but  the  only  rocks  cut  in  this  tunnel  are 
clay  and  greenish  sandstones  closely  resembling  the  Lower  Miocene 
sandstone  as  seen  in  the  canyon  just  above  the  mine.  Not  only  do 
these  rocks  appear  to  be  part  of  the  coal-bearing  Miocene,  but,  so 
far  as  the  writer  could  determine,  they  do  not  show  any  evidence  of 

a  Coal  in  the  Mount  Diablo  Range,  Monterey  County,  Cal.:  Bull.  U.  S.  Qeol.  Survey  No.  285, 1906, 
pp.  223-226. 
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shore  conditions  and  material  directly  derived  from  the  Francis- 
can rocks.  In  view  of  this  development  the  coal  bed  can  not  be 
r^arded  as  resting  directly  upon  the  Franciscan,  nor  can  the  contact 
between  the  two  rock  masses  be  regarded  as  midoubtedly  that  of 
nonconformity,  due  to  overlap. 

This  conclusion  is  of  the  utmost  importance  in  the  commercial 
development  of  the  mine,  for  the  reason  that  if  the  coal  was  depos- 
ited upon  the  uneven  floor  of  the  old  Franciscan  land  mass  the  coal 
bed  would  be  subject  to  abrupt  and  extreme  variations  in  thickness, 
and  consequently  would  be  irregular  in  its  geograpliic  extent.  If, 
however,  at  least  50  feet  of  material  was  laid  down  before  the  coal 
was  deposited,  the  latter  is  likely  to  be  fairly  regular  in  thickness, 
and  mining  operations  can  be  carried  on  with  the  prospect  of  finding 
the  bed  of  workable  thickness  over  a  rather  large  area. 

The  coal  bed  is  developed  by  a  mine  in  sec.  14,  T.  22  S.,  R.  13  E., 
which  consists  of  two  openings — one  a  slope  350  feet  in  depth  going 
down  toward  the  northeast  nearly  on  the  coal  bed,  which  dips  at  an 
angle  of  63®,  and  the  other  a  drift  southeast  of  the  creek,  where  the 
coal  bed  stands  nearly  vertical.  The  mouth  of  this  drift  is  1,500  feet 
southeast  of  the  slope  and  it  has  been  driven  in  on  the  coal  bed  in  a 
southeasterly  direction  for  a  distance  of  3,000  feet.  From  the  bottom 
of  the  slope  gangways  have  been  driven  for  about  2,000  feet  and  a 
drill  has  been  simk  on  the  bed  for  a  distance  of  250  feet  below  the  floor 
of  the  gangway.  Throughout  the  extent  of  the  developed  mine  the 
coal  bed  holds  a  fairly  uniform  thickness,  but  accurate  measurements 
were  difRcult  to  obtain,  as  the  lower  part  of  the  bed  was  not  always 
removed.  The  gangways  are  in  general  from  10  to  12  feet  wide,  and 
they  rarely  reach  both  the  top  and  bottom  of  the  bed.  Tests  at 
various  places  in  the  mine  have  shown  from  14  to  18  feet  of  coal  with 
an  average  thickness  of  about  15  feet. 

On  the  surface  the  coal  is  exposed  at  only  a  few  places,  but  extensive 
prospecting  has  showed,  according  to  the  owners,  that  the  coal  bed 
extends  in  a  northwest-southeast  direction  for  a  distance  of  nearly  8 
miles.  The  prospect  pits  are  now  caved,  so  that  it  is  impossible  to 
verify  this  statement.  Actual  mining  has  extended  for  a  distance  of 
about  5,000  feet,  and  in  that  distance  there  is  no  indication  of  material 
variation  in  the  thickness  of  the  bed. 

Two  samples,  A  and  B,  were  taken  for  chemical  analysis.  Sample 
A  represents  the  coal  where  it  is  sUghtly  damp  and  sample  B  where 
it  is  exceedingly  dry. 
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Analyses  of  coal  from  Stone  Canyon. 
[F.  M.  Stanton,  analyst.] 
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As  received. 

Air  dried. 

A. 

B. 

A. 

B. 

Lalwmtory  No 

3772. 

3773. 

3772. 

3773. 

Air-dr>'inpf  lo^ss 

8.60 

7.13 

44.47 

37.03 

11.37 

4.60 

2.20 
6.95 

46.69 

40.13 
6.23 
4.17 
6.28 

66.01 
1.17 

16.14 
12,447 

Moisture 

3.76 
46.08 
88.37 
11.79 

4.77 

4.86 

Volatile  matter 

47.74 

Fixed  carbon 

41.03 

Ash 

6.37 

Sulphur 

4.26 

H  varofiren , 

6.18 

Carbon 

67.50 

Nitrojren 

1.19 

14.50 

12,727 

Oxvgen  

Brit&h  thermal  unitH 

Tliis  part  of  Monterey  County  is  semiarid,  and  the  coal,  so  far  as  the 
bed  has  been  followed,  carries  very  little  water.  This  is  especially 
true  of  the  drift,  which  is  drained  below  into  the  300-foot  level  of  the 
slope.  In  this  opening  the  coal  is  as  dry  and  brittle  as  if  it  had  been 
kiln  dried,  but  in  the  slope  there  is  a  small  amount  of  water. 

The  coal  is  hard  and  generally  of  a  dull  luster,  but  there  are  scattered 
bands  of  bright  coal.  Cleavage  is  not  extensively  developed  in  the 
coal,  but  as  a  rule  the  large  blocks  are  boimded  by  joint  planes.  The 
coal  has  a  brown  streak,  and  on  this  accoimt  has  generally  been  classed 
as  a  lignite.  The  writer,  however,  is  not  disposed  to  regard  this  char- 
acteristic as  distinctive  of  lignite,  for  the  reason  that  many  coals 
which  give  such  a  streak  are  to  all  intents  and  purposes  bituminous 
coals.  So  far  as  the  writer  has  observed,  weathering  is  a  better  cri- 
terion for  distinguishing  between  bituminous  and  subbituminous  « 
coals.  One  of  the  distinguishing  features  of  all  lignites  and  subbitu- 
minous coals  is  the  breaking  up  of  the  coal  and  loss  of  moisture  on 
drying.  In  the  lower  grades  of  lignite  this  is  so  pronoimced  that  lumps 
go  to  pieces  in  a  few  days  or  even  hours,  in  much  the  same  manner  as 
the  slaking  of  lime.  In  this  breaking  up  the  fractures  are  very  irregu- 
lar, with  no  tendency  to  follow  certain  planes,  as  is  the  case  with 
bituminous  coal.  The  latter  may  break  into  as  fine  fragments  as  the 
lignites,  but  all  the  particles  are  rudely  prismatic,  due  to  the  cleavage 
developed  in  the  coal. 

The  Stone  Canyon  coal  does  not  show  the  characteristic  slaking  of 
lignite,  nor  does  it  weather  readily  on  exposure  to  the  atmosphere. 
At  present  the  mine  has  no  railroad  connection,  and  it  is  kept  in  opera- 
tion on  a  small  scale  pending  such  connection.  Several  himdred  tons 
of  lump  coal  have  been  corded  up  near  the  engine  house,  and,  according 
to  report,  have  been  standing  in  this  position  for  two  or  three  years 
without  showing  any  appreciable  tendency  to  disintegrate.     Minute 

a  The  name  subbituminous  has  Ixien  adopted  by  the  United  States  Oeological  Sun>*ey  for  the  class 
of  coals  generally  called  "black  lignites,"  or  "lignitic  coals"  to  distinguish  them  from  the  true, 
brown,  woody  lignites. 
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checks  resembling  lignite  fractures  appear  on  many  of  the  blocks,  but 
they  have  not  developed  sufficiently  to  cause  the  blocks  to  crumble. 
On  chemical  composition  alone  it  is  impossible  to  classify  this  coal 
satisfactorily  by  any  of  the  schemes  so  far  proposed,  but  on  physical 
properties  alone  the  writer  regards  it  as  a  bitiuninous  coal. 

The  most  striking  characteristic  of  the  coal  as  shown  by  chemical 
analyses  is  the  heavy  percentage  of  volatile  matter  as  compared  with 
the  fixed  carbon.  This  indicates  a  rich  gas-making  coal,  and,  were  it 
not  for  the  heavy  percentage  of  sulphur,  it  could  doubtless  be  used  to 
advantage  in  the  manufacture  of  illiuninating  gas.  The  heating  prop- 
erties of  the  coal  are  excellent,  running  as  high  as  12,727  British  ther- 
mal imits  in  the  air-dried  sample.  This  is  considerably  better  than 
most  of  the  subbituminous  coals  of  the  Pacific  coast  or  even  some  of 
the  better  grades  of  coal  of  Wyoming. 

The  hardness  and  the  freedom  from  slaking  make  this  an  excellent 
shipping  coal,  and,  so  far  as  the  writer's  experience  goes,  it  is  the  best 
grade  of  coal  on  the  Pacific  coast  south  of  Washington. 


THE  PRESENT  STATUS  OF  THE  PRODUCER-GAS  POWER 

PUNT  IN  THE  UNITED  STATES. 


By  Robert  Heywood  Fernald. 


INTRODI]  CTION. 

Recent  developments  indicate  very  positively  that  two  factors  will 
be  of  great  importance  in  the  economical  production  of  power  for 
manufacturing  and  transportation  purposes.  These  two  factors  are 
the  replacing  to  a  marked  extent  of  the  steam  boiler  and  steam  engine 
by  producer-gas  plants,  with  their  accompanying  internal-combustion 
engines,  and  the  centralization  of  power  production  and  distribution. 

RAPID  DBVEIiOPMENT  OF  THE  GAS  ENGINE. 

It  was  only  during  the  latter  part  of  the  nineteenth  century  that 
the  gas  engine  came  into  common  use,  and  although  many  types  have 
been  devised  within  the  last  twenty  or  thirty  years  it  is  only  within 
the  past  five  or  six  years  that  large  engines  have  been  constructed. 
This  development  started  eight  or  ten  years  ago  in  Germany,  Belgimn, 
and  England,  but  marked  progress  has  been  limited  to  the  last  six 
vears. 

For  a  long  time  the  natural  fuel  of  these  internal-combustion  engines 
was  city  gas,  but  this  was  too  expensive  except  for  engines  of  omall 
capacity.  It  was  seldom  foimd  economical  to  operate  imits  of  miore 
than  75  horsepower  with  this  fuel.  Cheap  gas  was  essential  for  the 
development  of  the  gas  engine,  but  the  early  attempts  to  produce 
cheap  gas  were  somewhat  discouraging,  and  for  a  time  the  probability 
that  the  gas  engine  would  encroach  to  any  extent  on  the  field  occupied 
by  the  steam  engine  seemed  very  remote.  The  theoretical  possibili- 
ties of  the  internal-combustion  engine  operating  on  cheap  fuel  prom- 
ised so  much  however  that  the  practical  difficulties  were  rapidly 
overcome,  with  the  result  that  the  internal-combustion  engine  is 
rapidly  becoming  a  serious  rival  of  the  steam  engine  in  many  of  its 
applications. 

The  development  of  large-sized  gas  engines  within  the  last  few 
years  has  been  exceedingly  rapid.     It  was  only  seven  years  ago  that 
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a  600-horsepower  engine  exhibited  at  the  Paris  Exposition  was 
regarded  as  a  wonder,  but  to-day  four-cycle,  twin-tandem,  double- 
acting  engines  run  as  high  as  6,000  horsepower. 

DEVEI.OPMENT  OF  THE  GAS  PRODUCER  FOR  POWER 

PURPOSES. 

The  rapid  advance  of  the  large  gas  engine  has  been  made  possible 
by  improvements  in  the  production  of  cheap  gas  directly  from  fuel 
through  the  aid  of  the  gas  producer.  An  eariy  form  of  producer 
introduced  in  Europe,  and  now  in  very  general  use  both  abroad  and 
at  home,  is  known  as  the  suction  producer,  a  name  suggested  by  the 
fact  that  the  engine  develops  its  charge  of  gas  in  the  producer  by 
means  of  its  own  suction  stroke.  Although  many  producers  of  this 
type  are  now  used,  most  of  them  are  small,  not  exceeding  150  horse- 
power. As  far  as  known  the  first  suction  producer  operated  in  the 
United  States  was  installed  in  1903,  although  producers  of  other 
types  were  tried  in  this  coimtry  as  early  as  1896.  A  serious  limitation 
to  the  utility  of  the  suction  producer  has  been  the  fact  that,  owing  to 
the  manner  of  generating  the  gas,  no  tarry  fuels  could  be  used,  a 
restriction  that  prevented  the  use  of  bituminous  coals,  lignites,  peats, 
and  other  like  fuels.  The  fuels  in  most  common  use  for  producers  of 
this  kind  are  charcoal,  coke,  and  anthracite  coal,  although  attempts 
are  being  made  so  to  construct  suction  plants  that  they  can  be  oper- 
ated on  bituminous  or  tarry  coals. 

The  pressure  producer  was  devised  to  meet  a  demand  for  the  con- 
centration of  power  in  large  imits,  to  replace  a  greater  niunber  of 
engines  of  smaller  power.  By  this  producer  the  gas  is  generated 
under  slight  pressure,  due  to  the  introduction  of  an  air  and  steam 
blast,  and  stored  in  a  holder  until  it  is  required  for  the  engine.  As  the 
gas  may  thus  be  stored  before  passing  to  the  engine,  and  as  it  is  pro- 
duced under  pressure  and  its  generation  does  not  depend  on  the  suction 
stroke  of  the  engine,  tar  and  other  impurities  may  be  removed  from  it 
by  devices  that  permit  the  use  of  bituminous  coal  and  lignite.  In  the 
progress  of  invention  in  this  field  the  pressure  producer  was  closely 
followed  by  the  dowTi-draft  producer,  which  fixes  the  tar  as  a  permsr 
nent  gas  and  therefore  completely  uses  bituminous  coal  and  lignite. 

Pressure  and  down-draft  producers  have  been  in  operation  for  the 
last  few  years,  but  the  fuel  used  in  most  of  them  has  been  anthracite 
coal.  Some  plants,  however,  have  used  a  few  well-tried  bituminous 
coals  kno'N^Ti  to  be  especially  free  from  sulphur,  ash,  and  tarry  matter. 
It  remained  for  the  United  States  Geological  Survey,  in  its  testing 
plant  at  St.  Louis,  to  attempt  the  use  of  any  and  all  bituminous  coals, 
lignites,  and  peats,  without  reference  to  the  amount  of  sulphur  or 
tarry  matter  they  contained.  It  is  gratifying  to  note  that  every  coal 
received  has  been  run  through  the  producer  and  that  the  results  have 
been  more  than  satisfac*^^'^^^^ 
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TESTS  MADE    BY  THE  UNITED   STATES  GEOIiOGICAIi 

SURVEY. 

DESCRIPTION  OF  PLANT. 

In  view  of  the  possibility  that  the  gas  engine,  with  its  gas  producer, 
may  displace  the  steam  engine,  the  problem  here  considered  has 
become  so  important  that  the  Government  made  special  provision  for 
producer-gas  tests  at  its  fuel-testing  plant  installed  in  connection 
with  the  Exposition  at  St.  Louis.  These  tests  have  furnished  valu- 
able data  on  the  relative  consumption  of  coal  per  horsepower  per  hour 
when  used  by  the  steam  plant  and  by  the  gas  plant. 

The  steam  plant  with  which  tests  were  made  consists  of  two 
210-horsepower  Heine  boilers,  furnishing  steam  to  a  250-horsepower, 
simple,  noncondensing  Corliss  engine,  which  was  belted  to  a  Bullock 
electric  generator. 

The  producer-gas  plant  is  a  Taylor  pressure  gas  producer  No.  7, 
of  250-horsepower  capacity.  Connected  with  the  producer  is  the 
usual  apparatus  for  cleansing  and  storing  the  gas  before  it  is  delivered 
to  the  engme — the  economizer,  scrubber,  tar  extractor,  purifier,  and 
holder. 

The  gas  engine  is  of  the  three-cylinder,  vertical,  Westinghouse  type, 
with  cylinders  of  19-inch  diameter  and  22-inch  stroke,  rated  at 
235  brake  horsepower  on  producer  gas.  The  engine  was  belted  to  a 
6-pole  175-kilowatt  Westinghouse  direct-current  generator.  The  load 
on  the  generator  was  controlled  by  a  water  rheostat,  especially  con- 
structed for  the  purpose,  through  which  also  the  energy  developed 
was  dissipated. 

DETAILS  OP  TESTS. 

By  means  of  this  producer-gas  plant,  which  was  installed  in  1904, 
162  tests  have  been  made.  The  fuels  used  were  bituminous  coals, 
lignites,  and  peats  from  26  different  States,  as  indicated  below: 

Fiuls  tested  at  gas-producer  plant  of  the  United  States  Geological  Survey,  St.  Louis,  Mo. 

BITUMINOUS  COALS.  Utah 1 

Alabama 3     Virginia 5 

Arkansas 2     Washington 1 

Illinois 29     West  Virginia 14 

Indiana 15     Wyoming 5 

Indian  Territory 2 

Iowa 1 

Kansas 2 

Kentucky * 5 

Missouri 1 

New  Mexico 3 

Ohio 10 

Pennsylvania 13 

Tennessee 8 


120 
SUBBITUMINOUS  a  COALS. 

California 1 

Colorado 1 

Montana 3 

Washington 3 

Wyoming 1 

9 


a  The  term  subbituminous  has  beon  adopted  by  the  United  States  (ieological  Survey  for  the  clasa 
of  coai  generally  called  "  black  lignite." 
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LIGNITES. 


Arkansas 

North  Dakota 
Texas 


MISCELLANEOUS  FUELS. 

Aigcntinc  coal 

Brazil  coal 

California  coal  and  ''front  end"  cin- 
ders   

Florida  peat 

Massachusetts  peat 

Rhode  Island  anthracite 

Virginia  pea  semianthraciU^ 

Coke  breeze 


1 

4 
4 


1 
1 

2 
1 
1 
1 
1 
1 


Miscellaneous  refuse. 
Coke 


COALS  (DUPLICATE  TESTS). 

Illinois 

Indiana 

Kansas 

Ohio 

Pennsylvania 

Tennessee 

West  Virginia 


1 
1 


11 

2 
4 
1 
1 
2 
1 
1 


12 


LIGNITE  (DUPLICATE  TEST). 

North  Dakota 


The  results  of  these  tests,  as  given  in  the  accompanying  table,  have 
been  subjected  to  absolutely  no  refinements.  With  the  possible  ex- 
ception of  two  or  three  coals,  only  one  test  has  been  made  on  each 
sample,  and  the  result  of  each  test  has,  to  a  great  extent,  depended 
on  the  ability  of  the  producer  operator  to  become  familiar  with  the 
method  of  handling  a  given  coal  during  a  period  of  eight  or  ten  hours 
preceding  the  official  test. 

It  should  also  be  borne  in  mind  that  all  of  the  tests,  whether  on 
bituminous  coal,  lignite,  or  peat,  have  been  made  in  a  producer  of 
one  size  and  type — a  type  designed  primarily  for  use  with  anthra- 
cite coal — and  that  it  has  been  imperative  that  the  test  be  made 
and  the  required  power  generated  without  regard  to  the  proper  relsr 
tions  between  the  gas-producing  qualities  of  the  coal  and  the  fuel-bed 
area.  The  tests  have  been  conducted  under  the  restrictions  of  steady 
load  on  the  engine  (235  brake  horsepower),  and  not  with  a  view  to 
determining  the  maximum  power-producing  quaUty  of  the  coal. 
Despite  this  restriction  the  general  conclusions  are  regarded  as  suffi- 
ciently significant  for  presentation,  although  they  may  be  modified 
by  later  investigations. 
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Summuiry  qfretuUi  <if  producer-gat  Uit*  at  St.  Louit. 


Cnlotado  No.  1 


oIi'n' 

16'.'.'.'.'. 

:;v'jf 

notaNo 
DoUNo 

po::: 

OrMrvUlc 

:::::3:::::::::::;: 

lIUlioliNo.n... 


Indiana  No.  G 

Do 

Indlaiu  No.  6 

Indiana  No.  7 

Indiana  No.  s 

Indiana  No.  S 

IndJanaNo'.  11 

Indiana  No.  13.... 
Indiana  No.  13.... 

Do 

Indiana  No.  U 

Indiana  No.  U 

Do 

Indiana  No.  16 

Indiana  No.  18 

Do 

Indian    Territory 

No.  1. 
Indian    Tenitorr 
No.*. 

lovaNo.l 

KanaaaNo.A 


Bpringllald . . 
<^lralia.... 

LaaalltV.'.'.'!! 


Dookvltle. . 

...do 

MaiTVllle., 


Lincoln . . . 

Auburn 

LlilDgaton. 


Tdrre  Haut« 

UacksTiUa 

Hartwrtl.V,'."!^ 

Tarre  Haute 

do , 

BeelrvUl* 

Linton , 

do 

do 

Wlnalow 

Hearyctta 

Lebltfi 

Harinn  County . . 
WntUinenl... 

"In 


Blie  or  coodl- 


BAC&.''.'. 


.  X0.2 

.  WT.S 

.  128.4 

.  sao.B 

.  3M.a 

.  308.1 

.  4ia.i 


.  aos.8 


Nutandalw*.   3 


I'lDrli  ■>-. 

f-llKll-l-. 

Lump  .. 
b  Black  Ugnlte. 


Perelectrtc-    Perl 


II, UI 
lO^SM 
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British  lh»r-  '  ^"^^^  SJS'V' 
nul  unlU.     I      horMpowBr  bour. 

PeibniM 


North  D»tot»No.5 


numiflvuilii  No.) 


Do 

Prnnirlv 
No.  L*!. 


StialghtCrHk... 

KftrUnctnn 

Big  B&ck  llouit 

am. 

PklntnUlc 


Van  Iloulea.. 

BiUllanl 

Blouburs 

Uhlgh> 

WllUalona.... 


Vnik  nidRV.... 


I'UhVo.'l.'."."'.! 
VlrglnUNa,  1... 


lifl 


Crab  UiGlunl . . 


I.7S 
180.  S  2.U 
18L5 
135!  3  I  I'.ffi 

laxa,  3.M 


IJ 


I.M  1.11 

l.«  l.TT 

l.U  LU 

LJU  1.3T 

T-flB  

a.w  *» 

Z.7fi  3.<7 

1.74  3.a 

i.4d  i.ai 

1.K!  l.sr 
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Summary  o/  retuUt  of  pndacer-gat  teiU  at  St.  Loma — Continued. 


VlrfiiiilaNo.2.. 

VirginliiNo.5,. 
Virj!iiii»No.  B.. 
Wushington  Mo. 


ashinglon  No. 

rstVlrpjnUNL._ 

sutVirgUilaNa* 


Mrgtalu  No. 
Virginia  No. 
VlrgtuU  No. 
VlrBtnla  No. 


VIl^Qb 


KlngDumt . . . 
KIngwood.. 


Rmi  of  mbw . 


Equivalent  wkuii1«  of 

(loraepower  hour, 
Percltctrto-    Per  bnilre 


11 


^1 


RELATIVE  RESULTS  OF  STEAM  AND  PRODUCER-GAS  TESTS. 

In  considering  the  relation  between  the  economic  results  of  plants 
of  the  two  types  under  discussion,  namely,  steam  and  producer-gas, 
the  fact  should  be  remembered  that  to-day,  in  the  ordinary  manu- 
f  acturing  plant  operated  by  steam  power,  less  than  5  per  cent  of  the 
total  energy  in  the  fuel  consumed  ia  available  for  us^l  work  at  the 
machine. 

In  that  connection  it  is  of  interest  and  value  to  glance  at  the  pos£a- 
bilities  of  the  best  designed  and  most  skillfully  operated  commercial 
plant  now  in  use.  The  data  concerning  the  steam  plant  selected  for 
this  determination  are  derived  from  a  table  prepared  by  Sir.  Stott, 
superintendent  of  motive  power,  Interborough  Rapid  Transit  Com- 
pany, New  York  City,  which,  as  Mr.  Stott  says,"  shows  "the  losses 
found  in  a  year's  operation  of  what  is  probably  one  of  the  most  cffi- 

■  stott,  U.  O..  Power  Fliuit  Ecoiiomlca'.  Traog.  Am.  Inst.  Elec.  Eng.,  lege. 
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cient  plants  in  existence  to-day,  and,  therefore,  typical  of  the  present 
state  of  the  art.'' 

Average  losses  in  steam  ^lant  of  the  IrU^horough  Company  in  converting  t  pound  of 
coaly  containing  12,500  British  thermal  units,  into  electricity. 


Loss  by  friction 

Loss  in  exhaust 

Loss  in  pipes  and  auxiliaries 

Loss  in  Doiler 

Loss  in  stack 

Loss  in  ashes 

Total  losses 

Energy  utilized 


British 

thermal 

units. 


138 
7,613 

276 
1,000 
1,967 

300 


11,213 
1,287 


12,500 


Per  cent. 


1.1 

eai 

2.2 

&0 

15.0 

2.4 


80.7 
10.3 


loao 


Mr.  Stott  further  presents  a  table  showing  the  thermal  efficiency 
of  producer-gas  plants,  concerning  which  he  says: 

The  following  heat  balance  is  believed  to  represent  the  best  results  obtained  in 
Europe  and  the  United  States  up  to  date  in  the  formation  and  utilization  of  producer- 
gas.  • 

Average  losses  in  a  producer- gas  plant  in  the  conversion  of  1  pound  of  coaly  containing 

12^500  British  thermal  units,  into  electricity. 


Loss  in  gas  producer  and  auxiliaries 

Loss  in  cooling  water  in  jackets 

Loss  in  exhaust  gases 

Loss  in  engine  fnction 

Loss  in  electric  generator 

Total  losses 

Converted  into  electric  energy 


British 

thermal 

units. 

Per  cent. 

2,500 

2,376 

3,750 

813 

62 

2ao 

10.0 

30.0 

6.5 

0.5 

0,500 
3,000 

76.0 

24.0 

12,500 

loao 

The  thermal  efficiency  of  such  plants,  as  given  by  different  writers, 
runs  as  high  as  33,  36,  38.5  per  cent,  and  for  some  plants  figures  as 
extravagant  as  "above  40"  are  boldly  published.  Although  the 
present  aim  has  been  to  present  figures  for  a  producer-gas  plant  that 
may  compare  favorably  with  those  of  the  steam  plant  of  the  Inter- 
borough  Company,  an  effort  has  been  made  to  keep  well  within 
obtainable  efficiencies.  Attention  is  also  directed  to  the  fact  that 
the  producer-gas  plant  considered  should  be  large  enough  to  com- 
pare favorably  >vith  the  steam  plant.  This  precludes  comparisons 
with  suction  plants,  which  are  relatively  small,  but  give  higher  pro- 
portional efficiencies  than  the  larger  pressure  and  down-draft  plants, 
for  these  require  more  or  less  auxihary  apparatus. 

Mr.  Stott  seems  ready  to  accept  a  thermal  efficiency  of  24  per  cent 
for  the  best  producer-gas  plants,  for  comparison  with  10.3  per  cent 
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efficiency  for  his  steam  plant,  but  a  careful  study  of  the  problem  has 
led  to  a  more  conservative  estimate  for  the  producer-gas  plant; 
namely,  21.5  per  cent. 

The  tables  just  given  show  the  comparative  efficiencies  reached  in 
plants  of  the  best  type,  both  steam  and  producer-gas,  but  these  are 
seldom  realized  in  common  practice.  The  results  obtained  in  the 
Government  plant  at  St.  Louis  are  probably  more  nearly  representa- 
tive of  the  ordinary  type  of  apparatus.     These  results  are  as  follows: 

Relative  economies  of  steam  and  gas  power  plants  at  St.  Louis  in  the  conversion  of  one 
pound  of  coal  containing  12,5(K)  British  thermal  units  into  electricity. 


Steam 

power. 

Gas  power. 

British 

thermal 

imits. 

Per  cent. 

British 

thermal 

units. 

Percent. 

T^osses  in  exhaust,  friction,  etc 

11,892 
608 

05.14 
4.86 

10,812             86.5 

Converted  into  electric  enersfv 

1.688             13.5 

12,500 

100.00 

12,500  !          100.0 

i 

The  following  table  shows  the  comparative  results  obtained  at  St. 
Louis  from  75  bituminous  coals  and  6  lignites  used  in  the  gas  producer 
and  under  the  steam  boiler. 

Table  showing  equivalent  pounds  of  coal  as  fired  per  electrical  horsepower  per  hour  developed 
at  the  switchboard,  Jar  both  steam  and  producer-gas  plants. 


Fuel  used. 


Alabama  No.  2 

Colorado  No.  1 

Florida  (peat)  No. 

Illinois  No.  3 

Illinois  No.  4 

Illinois  No.  6 

Illinois  No.  7 

Illinois  No.  8 

Illinois  No.  9 

Illinois  No.  10 

Illinois  No.  11 

Illinois  No.  13 

Illinois  No.  14 

Illinois  No.  15 

Illinois  No.  16 

Illinois  No.  18 

Illinois  No.  19 

Indiuna  No.  1 

Indiana  No.  2 

Indiana  No.  3 

Indiana  No.  5 

Indiana  No.  6 

Indiana  No.  7 

Indiana  No.  8 

Indiana  No.  9 

Imliana  No.  11 


Locality. 


Carbon  mil 

Lafayette 

Orlando 

Marion 

Trov 

Cofleen 

CoUinsvlUe 

Paisley 

Staunton 

West  Frankfort. 

Carterville 

Burton 

Springfield 

Centralia 

Herrin 

La  Salle 

Zeigler 

Mildred 

Boonville 

do 

Ilymera 

do 

Littles 

Terre  Haute 

Macksville 

Dugger. 


Indian  Territory  No.  1 Ilenryetta , 

Indian  Territory  No.  4 Lehigh. 


Marion  County 
West  Mineral.. 
Straight  Creek . 


Iowa  No.  2. 
Kansa.s  No.  5. .. 
Kent  licit  y  No.  1, 

Kentucky  No.  3 Karlihgton 

Kentticky  No.  5 1  Big  Black  Mountain. 

Kentucky  No.  6 ',  Paintsville 

Kentucky  No.  7 '  Central  City 

Missouri  No.  2 '  Bevier 


Steam.  ' 

X  xuuuuor 

1 
1 

gas. 

4.29 

L71 

6.04 

2.14 

3.03 

4.74 

1.93 

5.47 

2.01 

6.28 

2.02. 

5.21 

2.41 

6.26 

1.98 

5.22 

2.01 

4.88 

1.50 

4.35 

1.37 

4.17 

1.74 

5.27 

1.79 

4.61 

1.80 

4.24 

1.81 

4.53 

1.74 

4.09 

1.47 

4.95 

2.17 

4.78 

1.68 

4.92 

1.97 

4.74 

1.51 

4.78 

1.94 

4.39 

1.65 

4.52 

1.61 

4.63 

1.84 

4.37 

1.73 

4.37 

1.92 

4.95 

1.57 

5.82 

2.07 

4.11 

1.57 

3.72 

1.41 

4.58 

2.05 

3.54 

1.39 

3.68 

1.33 

4.36 

1.65 

5.44 

L94 

9411— Bull.  316—07- 


-29 


448        CONTBIBUTIOXS  TO  ECONOMIC   GEOLOGY,  1906,  PART  H. 


TabU  nhovcinij  equivaltnt  pounds  of  coal  tu  Jired  per  eUelrical  honepover  per  hour  developed 
at  the  twitrhboard,  for  both  steam  and  producer-gas  plants — Continued. 


Fuffl  iisM. 


LocaUty. 


Stc«m. 


Producer 


Ifontunii  No,  I 

North  Oakotift  No.  1 . 
North  I>akoU  No.  2. 
North  Oakotjt  No.  2. 
North  I>akoUNo.3. 

Ohio  No.  3 

Ohio  No.  4 

Ohio  No. /> 

Ohio  No. « 

Ohio  No.  7 

Ohio  No.  8 

Ohio  No.  9 

Penniiylvania  No.  4. . 
Pennsylvania  No.  .*>. . 
PennnylvanU  No.  6. . 
Penniiylvania  No.  7. . 
Pennnylvanla  No.  K. . 
Penniiylvania  No.  10. 

Texan  No.  1 

Texan  No.  2 

VlFKlnla  No.  1 

Virginia  No.  2 

VinrtnlaNo.3 

VlrKlniaNo.4 

Wcet  Virginia  No.  1 . . 
Went  Virginia  No.  4.. 
Went  Virginia  No.  7.. 
Weat  Virginia  No.  8.. 
Went  Virginia  No.  0.. 
Weat  Virginia  No.  12. 
West  Virginia  No.  13. 
Weat  Virginia  No.  14. 
Went  Virginia  No.  18. 
Weat  Virginia  No.  20. 

Wyoming  No.  2 

Wyoming  No.  2 

Wyoming  No.  3 

Brazil  No.  1 


Red  Lodge. 

Uhigh.... 

WillMton.. 

do 

Wilton.... 
Shawnee... 
Bradley... 
Rush  Run . 
Neffs 


10.09 


Danford 

Dixie 

Clarion 

QreAiBburg 

Ellsworth 

East  MillslK>ro. 

Ligonier 

Ehrenfeld 

Bnioe 

Crockett 

Hoyt 

Crab  Orchard.. 

do 

Toms  Creek 

Darby 

Kingmont 

Bretz 

Sun 

Ansted 

Powellton 

Big  Sandy 

Page 

do 

Glen  Allen  (7) . 

Acme 

Cambria 

do 

AUuldln 

Porto  Alegre.. 


8.46 
4.27 
3.96 
3.96 
4.00 
4.16 
4.25 
3.91 
3.63 
3.52 
3.83 
3.88 
3.43 
3.55 


3.66 
3.58 
3.57 
3.56 
3.98 
3.71 
3.65 
3.83 
3.58 

0.dO 

3.45 
3.41 
3.43 
3.46 
6.64 
5.64 
5.35 
6.43 


2.54 
2.83 
3.80 
2.83 
3.24 
1.51 
1.34 
1.26 
1.30 
1.67 
1.56 
1.43 
1.42 
1.28 
1.23 
1.68 
1.28 
1.32 
3.34 
2.58 
1.53 
L38 
1.21 
1.31 
1.60 
1.32 
1.50 
1.82 
1.43 
1.53 
1.04 
1.10 
1.20 
1.31 
2.28 
2.28 
2.04 
2.60 


E8[)cciai  attention  is  called  to  the  fact  that  several  low-grade  coals 
and  lignites  that  have  proved  of  little  value  or  even  worthless  under 
the  steam  boiler  have  given  excellent  results  in  the  gas  producer. 

The  ratios  of  the  total  fuel  per  brake-horsepower  hour  required  by 
the  steam  plant  and  producer-gas  plant,  under  full  load,  not  counting 
stand-by  losses,  are  presented  below  as  derived  from  76  coals,  6  lig- 
niU»s,  and  1  peat  (Florida). 

Ratios  of  fuel  used  in  steam  and  gas  plants. 

Avc^ni^t'  ratio  coal  aw  lircMl  per  brako-horscpowcr  hour  under  l>oiler  to  coal  as 

fired  per  l>rake-hor8<'pow(T  hour  in  pnxlucer 2. 7 

Maximum  ratio  ccral  aw  fired  per  brake-horsepower  hour  under  boiler  to  coal 

aH  fireci  per  brak(»-hor8ep(jwer  hour  in  producer 3. 7 

Minimum  ratio  coal  a«  fired  p<»r  brake-horsepower  hour  under  boiler  to  coal  as 

fired  per  brake-horsepower  hour  in  pnxiucer 1. 8 

Averajjc*  ratio  lignite  and  subbituminous  coal  as  fired  per  brake-horsepower 

hour  under  b<»iler  to  lignite  as  fired  per  brake-horsepower  hour  in  producer. .  2. 7 
Maximum  ratio  lignite  and  subbituminous  coal  as  fired  per  brake-horsepower 

hour  under  boiler  to  lignite  as  fired  per  brak(»-horsepower  hour  in  producer. .  2.9 
Mininuim  ratio  lignite  and  subbituminous  coal  as  fin^d  per  brake-horsepower 

hour  uncier  boiler  to  lignite  as  fired  per  brake-horst^power  hour  in  producer. .  2.2 
Avenigi'  ratio  peat  as  fin^l  per  brake-horsepower  hour  under  boiler  to  peat  as 

linnl  piT  brakt^horsepower  hour  in  producer 2. 3 
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The  figures  for  the  producer-gas  tests  include  not  only  the  coal 
consumed  in  the  gas  producer,  but  also  the  coal  used  in  the  auxiliary 
boiler  for  generating  the  steam  necessary  for  the  pressure  blast — 
that  is,  the  figures  given  include  the  total  coal  required  by  the  gas- 
producer  plant. 

In  the  above  comparisons  between  the  steam  and  producer-gas 
plants  no  consideration  has  been  made  of  stand-by  losses.  The 
result  for  each  plant  has  been  derived  from  experiments  made  during 
continuous  operation  for  a  given  period.  Data  on  stand-by  losses 
for  |)lants  operated  during  a  portion  of  each  24-hour  day  are  not  at 
present  obtainable  at  the  fuel-testing  plant.  Very  few  results  of 
ex|)eriments  relating  to  this  point  have  been  published,  and  opinions 
regarding,  the  amount  of  fuel  required  for  holding  fires  over  night  or 
during  idle  periods  in  both  boiler  and  producer  plants  seem  to  differ 
widely.  It  is  probable  that  the  most  reliable  figures  available  to-day 
concerning  this  matter  are  those  presented  by  Messrs.  Dowson  and 
Larter  in  their  recent  book  entitled  *' Producer  Gas."  The  results 
obtained  by  these  gentlemen  from  a  number  of  engineers  and  exper- 
imenters, including  such  well-known  experts  as  Mr.  Bryan  Donkin, 
indicate  that  for  plants  of  about  250  horsepower  the  stand-by  losses 
amount  to  about  67  pounds  of  coal  per  standing  hour  for  the  steam 
plant  and  to  about  4  pounds  per  standing  hour  for  the  producer-gas 
plant. 

In  considering  the  possible  increase  in  efficiency  of  the  boiler  tests 
with  a  compound  engine,  as  compared  with  the  simple  engine  used, 
the  fact  should  not  be  overlooked  that  a  corresponding  increase  in 
the  efiiciency  of  the  producer-gas  tests  may  be  brought  about  imder 
corresponding  favorable  conditions.  Not  only  is  the  producer  pass- 
ing through  a  transitional  period,  but  the  gas  engine  must  still  be 
n^garded  in  the  same  light.  In  the  larger  sizes  the  vertical  single- 
acting  engine  is  being  replaced  by  the  horizontal  double-acting 
engine.  Other  changes  and  improvements  are  constantly  being 
made,  wliich  tend  to  increase  the  efficiency  of  the  gas  engine  as  com- 
pounding and  tripling  the  expansions  have  already  increased  the 
efiiciency  of  the  steam  engine. 

As  has  already  been  stated,  the  engine  used  in  the  tests  here 
reported  is  of  a  type  that  is  rapidly  becoming  obsolete  for  this  size, 
viz,  vertical,  three-cylinder,  single-acting. 

A  brief  consideration  of  these  points  will  lead  at  once  to  the  con- 
clusion that  the  producer-gas  plant  and  steam  plant  used  in  these 
t(\sts  (compare  very  favorably,  and  that  any  increase  in  efficiency  in 
tho  boiler  tests  that  might  result  from  using  a  compound  engine  can 
he  offset  by  the  introduction  of  a  gas  engine  of  more  modem  type 
and  a  producer  plant  designed  to  handle  the  special  kinds  of  fuel 
used. 
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It  should  be  noted  that  many  fuels  which  give  poor  results  under 
steam  boilers  have  been  used  with  great  ease  and  efficiency  in  the 
gas  producer,  which  thus  makes  it  possible  to  utilize  low-grade  coals 
and  Ugnites  that  have  heretofore  been  regarded  as  practically  use- 
less. Several  of  the  poorest  grades  of  bituminous  coal's  have  shown 
remarkable  efficiency  in  the  gas  producer,  and  lignites  and  peat 
have  been  used  in  it  with  great  readiness,  thus  opening  the  way  to 
the  introduction  of  cheap  power  into  large  districts  that  have  thus 
far  been  commercially  unimportant  owing  to  lack  of  industrial  oppor- 
tunities. Recent  experiments  with  *'bone,''  a  refuse  product  in 
bituminous  coal  mining,  have  given  excellent  results,  showing  an  effi- 
ciency in  the  product  equal  to  that  reached  by  good  steam  coal  imder 
boilers. 

EFFICIENCIES. 

It  has  not  been  the  aim  of  the  testing  plant  to  determine  the  lowest 
possible  amounts  of  coal  that  could  produce  a  given  amount  of  power 
or  to  determine  the  highest  possible  efficiency  of  the  particular  pro- 
ducer plant  installed.  By  an  act  of  Congress,  the  work  of  the  plant 
was  restricted  to  the  determination  of  the  possibiUties  of  utilizing 
bituminous  coals,  lignites,  and  other  fuels  for  the  production  of 
power.  In  spite  of  the  fact  that  no  series  of  runs  has  been  made  on 
any  one  coal  for  determining  the  best  possible  results  obtainable,  it 
is  nevertheless  gratifying  to  report  that  official  records  show  that 
as  small  an  amount  of  dry  coal  as  0.95  pound  per  hour  has  been 
burned  in  the  producer  per  electrical  horsepower  developed  at  the 
switchboard;  or  0.80  pound  of  dry  coal  per  hour  has  been  burned 
in  the  producer  per  brake  horsepower  per  hour,  on  the  basis  of  an 
efficiency  of  85  per  cent  for  generator  and  belt. 

VIKWS  OF  MAXUFACTURERS  OF  PRODUCER-GAS  PliANTS. 

In  order  to  determine  as  closely  as  possible  the  exact  status  of  the 
producer-gas  business,  an  effort  has  been  made  to  ascertain  the  point 
of  view  of  both  the  manufacturers  and  the  owners  and  operators  of 
existing  plants.  With  tliis  object  in  mind  the  following  question  was 
addressed,  about  a  year  ago,  to  several  manufacturers  of  gas  producers: 

To  what  oxtent  is  the  demand  for  ga«  engines  and  gas  producers,  and  the  inten^t  in 
the  same,  gn)wing? 

The  replies  were  sufficiently  significant  to  warrant  their  presenta- 
tion at  this  time,  each  reply  being  separately  numbered: 

1.  We  believe  there  is  a  waiting  and  almost  unlimited  demand  for  producer  power 
plants,  as  soon  as  the  manufacturers  have  something  definite  to  offer  and  can  guarantee 
quick  installation  and  certain  results. 

2.  The  demand  for  gas  engini^  and  gas  producers  is  growing  considerably.  We  have 
this  month  closed  for  an  8,000-horsepower  gas-producer  plant,  and  have  on  our  book 
n(»gotiations  pending  for  over  200,000  horsepower. 

3.  The  demand  for  gas  enginc»s  and  gas  producers  is  at  present  apparently  only 
limited  by  the  output,  we  ourselves  having  orders  way  ahead  and  all  the  business  we 
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can  possibly  fill.  Were  we  to  go  out  after  business  we  would  immediately  swamp  the 
factory.  These  plants  are  giving  such  excellent  results  in  the  field  that  they  are 
lK)und  to  replace  steam  for  almost  all  uses,  and  in  consequence  the  field  may  be  said 
to  be  almost  unlimited. 

4.  Th(»  demand  for  gas  producers  and  the  interest  manifested  in  them  seems  to  bo 
growing  very  rapidly,  as  indicated  by  the  number  of  inquiries  receive<l  at  our  office 
and  }>y  our  agents  in  different  parts  of  the  country. 

5.  Arconling  to  inquiries  which  we  are  constantly  receiving  we  judge  that  the 
interest  in  the  question  of  gas  producers  and  gas  engin<»s  is  growing  considerably,  and 
all  indications  lead  us  to  believe  that  the  proposition  to  install  gas-power  plants  will 
bo  a  very  important  one  in  this  country  before  long. 

0.  Our  correspondence  indicates  a  continually  growing  demand  for  gas  producers  for 
IK)W(»r  piuposee,  especially  those  adapted  for  running  on  soft  coals. 

7.  There  has  probably  never  been  a  mechanical  production  more  widely  or  thor- 
oughly advert ised  at  such  an  early  period  in  its  history  of  this  country  as  the  suction- 
pn)ducer  gas-power  equipment.  Much  of  this  advertising  has  aroused  curiosity  among 
people,  many  of  whom  are  not  contemplating  a  purchase.  On  the  other  hand,  the  fuel 
economy  ia  so  remarkable  that  manufacturers  with  a  reputation  for  reliable  goods  and 
with  the  fuel  guarantees?  they  offer,  backed  by  unquestioned  responsibility,  are  able 
to  sell  their  product  with  very  little  effort. 

8.  The  gas-producer  business  and  the  uses  to  which  they  have  been  applied  have 
incr(»ased- about  50  per  cent  within  the  last  ten  years,  and  arc*  still  growing.  We  should 
imagine  that  the  next  ten  years  would  show  a  far  greater  improvement.  We  think 
pnwlucer  gas  is  yet  in  its  infancy  as  to  various  applications. 

9.  The  demand  for  gas  engines  and  gas  producers  is  growing  in  that  field  where  the 
prict'  of  coal  Ls  highest,  and  for  that  reason  any  cx)mmercial  tests  in  suitable  gas  pro- 
ducers which  will  use  the  fuel  of  the  district  will  be  of  value. 

10.  There  is  no  doubt  that  the  gas  engine  itself  is  nowadays  in  such  a  state  of  per- 
fection that  its  use  is  bound  to  become  general  for  power  production  as  soon  as  the 
possibility  of  using  bituminous  coal  to  a  large  extent  has  been  proved. 

At  the  same  time  the  manufacturers  were  asked : 

What  are  the  serious  difl[iculties  in  the  way  of  more  rapid  d<»velopment  of  gas  pro- 
ducers and  gas  engines  as  a  means  of  developing  power? 

A  summary  of  the  replies  would  indicate  the  difficulties  to  be  about 
as  follows: 

1.  Th(*  fact  that  the  gas  engine  is  not  yet  so  reliable  as  the  steam  engine. 

2.  The  lack  of  engineers  who  know  how  to  run  producer-gas  power  plants. 

3.  Inexperienced  salesmen — men  not  familiar  with  the  details  of  the  engines  and 
pnxiucers  they  are  handling. 

4 .  The  large  number  of  unsuccessful  and  only  partially  successful  installations  made 
during  the  experimental  period  of  this  development. 

5.  Lack  of  proper  design  and  construction  of  producer-gas  engines  in  the  United 
States. 

0.  Lack  of  knowledge  and  confidence  on  the  part  of  tht^  public. 

7.  The  fact  that  the  heating  of  factory  buildings  must  be  pn)vided  for  by  a  heating 
plant  separate  fn)m  the  power  plant. 

8.  Lack  of  types  of  producers  which  will  gasify  bituminous  coal  satisfactorily. 

9.  Ina})ility  to  use  ch<»ap  fuels  in  the  suction  gas  jiroducer. 

10.  Lack  of  complete  knowledge  as  to  how  successfully  the  various  fuels  in  difT(»rent 
localitien  can  be  used  in  gas  systems. 

1 1 .  Larger  excess  cost  of  gas-engine-gas-producer  iK)wer  plants  over  that  of  steam- 
power  plants. 
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When  the  manufacturers  of  producer-gas  plants  are  themselves 
ready  to  acknowledge  the  difficulties  outlined  above,  the  situation  is 
most  encouraging  for  the  future  development  of  the  plants. 

Over  a  year  has  elapsed  since  these  communications  were  received, 
and  it  is  therefore  desirable  to  reexamine  the  situation  briefly  but  criti- 
cally to-day,  and  to  consider  carefully  the  1 1  difficulties  listed  above. 

1.  The  fact  that  the  gas  engine  is  not  yet  so  reUable  as  the  steam 
engine. 

There  have  been  good  groimds  for  the  feeling  that  the  gas  engiile  was 
less  reliable  than  the  steam  engine,  but  to-day  many  installations 
tend  to  change  this  impression. 

Mr.  Paul  Windsor,  chief  engineer  of  motive  power  and  rolling 
stock,  Boston  Elevated  Railway  Company,  says,  in  an  article  on  the 
producer-gas  power  plants  installed  by  his  company: 

As  a  result  of  my  experience  with  these  plants  I  am  absolutely  convinced  of  the 
economy  and  reliability  of  a  gas-engine  power  station. 

In  order  to  counteract  any  lack  of  confidence  in  the  possibilities  of 
the  continuous  operation  of  gas  producers  and  gas  engines  an  endur- 
ance test  was  undertaken  at  the  testing  plant  at  St.  Louis,  which 
demonstrated  beyond  dispute  the  possibility  of  operating  continu- 
ously a  producer  plant  using  bituminous  coals  for  power  production. 
The  test  began  March  8  and  continued  without  interruption  until 
April  1,  1905,  twenty-four  consecutive  days. 

The  average  of  six  analyses  of  the  coal  used  is  as  follows: 

Analygis  of  coal  iised  in  endurance'  test. 

Moisture 14. 68 

Volatile  matter 30.  98 

Fixed  carbon 42.  93 

Ash U.4\ 

100.00 

Sulphur 1 .  33 

12,343  British  thermal  units  per  iK)und  of  dry  coal. 

During  tliis  entire  test  calorimetric  determinations  of  the  heat 
value  of  the  gas  were  made  every  twenty  minutes  and  volumetric 
analyses  were  made  ever}^  two  hours.  The  average  heat  value  of  the 
gas  for  the  entire  run  was  156.1  British  thermal  units  per  cubic  foot, 
and  the  average  composition  of  the  gas  was  as  follows: 

Averaye  composition  of  (jas  in  nuhiramr  test. 

Hydrogen  disulphide  (HjS) 0.  0 

Carbon  dioxide  (C^O,) 9.  2 

Oxygen  (Og) 0.  0 

Ethylene  (C2H,) * 0.  4 

Carbon  monoxid*^  (CO) 20.  9 

Ilvdrogen  (Hj) ^•'>-  <» 

Methane  (CH,) 1-  i> 

Nitrogen  (Nj) •">'-•  0 

100.0 
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During  the  progress  of  the  test  the  usual  observations  were  made 
at  intervals  of  twenty  minutes  and  careful  notes  were  kept  of  all  inci- 
dents connected  with  the  operation  of  the  plant.  Among  the  items 
of  interest  those  relating  to  the  tar  extracted  during  the  test  are  of 
special  significance,  as  it  has  often  been  stated  that  no  plant  mechan- 
ically separating  the  tar  could  run  more  than  five  or  six  days  without 
shutting  down.  The  total  tar  extracted  during  this  test  amoimted 
to  13,455  pounds,  or  about  143  poimds  of  tar  per  ton  of  coal  burned 
in  the  producer. 

As  the  plant  was  laid  out  for  general  test  purposes  the  passages 
wliich  the  gas  was  obUged  to  traverse  were  far  more  tortuous  than 
those  it  would  have  traversed  in  a  plant  installed  for  power  purposes 
only.  As  a  result  the  gas,  in  passing  through  a  pipe  about  3  feet  in 
length,  was  forced  to  make  three  right-angle  turns  and  pass  through 
a  water-seal  valve,  thus  traversing  a  distance  of  about  20  feet.  This 
construction,  necessary  only  for  testing  purposes,  was  unfortunate  in 
connection  with  this  experiment,  and,  owing  to  the  deposit  of  tar  in 
the  water-seal  valve,  brought  the  test  to  a  close  at  the  end  of  twenty- 
four  days.  With  this  combination  of  piping  removed,  even  more 
remarkable  endurance  records  should  be  made  than  the  surprising 
twenty-four-day  test  here  recorded. 

In  order  to  remove  the  ashes,  which  must  be  taken  out  at  regular 
intervals,  it  is  usually  considered  necessary  to  shut  down  the  entire 
plant.  As  such  a  shut  down  would  be  fatal  to  an  endurance  test,  a 
special  method  of  taking  out  the  ashes  was  employed.  The  ashes 
were  removed  about  once  every  forty-eight  hours  by  simply  reducing 
the  pressure  under  which  the  producer  was  operated  and  rurming  the 
plant  on  the  suction  basis  during  the  hour  required  for  removing  the 
ashes.  The  men  worked  with  entire  ease  and  comfort  during  this 
period. 

During  the  entire  twenty-four  days  the  engine  showed  no  signs 
of  heating,  clogging  with -tar,  or  other  trouble.  It  ran  steadily  at 
all  times  and  at  the  end  of  the  test  was  in  perfect  condition.  The 
same  set  of  igniters  was  used  throughout  the  run,  and  gave  abso- 
lutely no  trouble.  An  inspection  of  the  engine  at  the  close  of  the 
test  showed  that  the  cyUnders,  igniters,  and  all  working  parts  were 
in  such  excellent  condition  that  the  engine  was  not  even  cleaned  nor 
its  mechanism  in  any  way  changed  before  beginning  the  next  test. 
An  inspection  of  the  producer  plant  at  the  close  of  the  test  also 
showed  that  everything  about  the  plant  was  in  excellent  condition, 
and  the  regular  tests  went  on  as  usual  after  the  close  of  the  endur- 
ance lain. 

During  this  test  an  average  of  225.5  brake  horsepower  was  main- 
tained.    The  coal  consumed  was  1.40  pounds  of  dry  coal  per  brake 
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horsepower  per  hour.  Especial  attention  is  called  to  the  fttct  that 
during  this  test,  as  well  as  during  all  other  tests  conducted  at  this 
plant,  no  attempt  was  made  to  remove  the  sulphur  from  the  gas 
before  it  entered  the  engine.  Considerable  controversy  has  arisen 
in  various  parts  of  the  country  regarding  the  influence  of  sulphur 
on  the  cylinders  of  a  gas  engine,  leading  to  the  introduction  of  this 
question  into  some  important  lawsuits.  The  engine  used  at  the 
testing  plant  since  its  establishment  has  received  the  full  charge  of 
sulphur  contained  in  the  gas,  and  shows  absolutely  no  signs  of  injury 
from  this  source,  although  some  of  the  coals  used  have  contained  as 
much  as  8.1  per  cent  of  sulphur. 

2.  The  lack  of  engineers  who  know  how  to  run  producer-gas  power 
plants. 

It  can  not  be  denied  that  many  of  the  difficulties  charged  to 
producer-gas  power  plants  are  due  entirely  to  incompetent  operators. 
Some  plants  have  been  temporarily  put  out  of  commission  by  the 
prejudices  or  the  lack  of  ability  and  training  of  the  operators  or 
engineers  in  charge.  A  few  of  these  failures  are  due  to  the  impos- 
sibility of  finding  men  competent  to  operate  the  plants,  but  many 
of  them  have  undoubtedly  been  the  result  of  a  short-sighted  policy 
on  the  part  of  some  manufacturers,  who  are  not  willing  to  give 
proper  and  necessary  information  about  the  design,  construction,  and 
operation  of  the  plants  made  by  them.  The  possibility  of  a  sale  at 
the  time  is  apparently  the  only  interest  they  keep  in  mind,  and  the 
future  is  allowed  to  take  care  of  itself.*  In  the  course  of  a  round  of 
visits  recently  made  to  a  number  of  plants  my  attention  was  called 
to  several  such  derelictions. 

3.  Inexperienced  salesmen — men  not  familiar  with  the  details  of 
the  engines  and  producers  they  are  handling. 

The  ignorance  and  short-sighted  rapacity  of  unscrupulous  sales- 
men, who  have  given  absurd  guarantiee  and  have  made  unfortunate 
installations  in  certain  localities,  have  seriously  injured  the  reputa- 
tion of  some  manufacturers  and  interfered  with  further  business  in 
the  same  districts.  One  salesman,  representing  a  house  of  national 
reputation,  told  me  that  the  suction  producer  made  by  his  firm 
(which  had  then  completed  only  one  such  producer,  still  in  the 
factory)  was  guaranteed  to  operate  perfectly  on  charcoal,  anthracite 
coal,  coke,  bituminous  coal,  lignite,  and  peat.  When  I  infonned 
him  that  I  was  ready  to  buy  out  the  whole  produc^er  business  of  his 
firm  at  once  if  he  would  put  that  guaranty  in  writing,  he  became 
decidedly  confused. 

One  agent  ^' worked'^  an  old  gentleman  in  a  small  town  by  con- 
vincing him  that  a  producer-gas  plant  was  exactly  adapted  to  the 
intermittent  demands  of  a  small  gristmill — a  mill  which  may  to-day 
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run  two  hours;  to-morrow,  seven,  and  then  not  again  for  two  or  three 
days.  Tlie  salesman  insisted  that  his  producer  plant  would  do 
everything  exactly  as  desired — that  is,  it  was  just  the  plant  for 
variable  demands.  As  the  old  gentleman  said,  '*He  offered  me  a 
<^()1(1  brick  and  I  bought  it.  There  it  stands.'*  The  mill  is  now  run 
by  an  electric  motor  supplied  with  current  from  the  town-lighting 
plant. 

4.  The  large  number  of  unsuccessful  and  only  partially  successful 
installations  made  during  the  experimental  period  of  this  development. 

Many  failures  or  only  partially  successful  installations  are  due  in 
part  to  the  willingness  of  small  companies  with  little  financial  backing 
to  allow  the  public  to  ''be  the  dog''  instead  of  thoroughly  testing 
tlitir  j)lants  before  putting  them  out.  The  need  of  money,  the 
anxieiy  to  get  ahead  of  competitors,  the  lack  of  knowledge,  and  the 
inc()nij)eii>nce  of  designers,  operators,  and  salesmen  have  combined 
in  the  past  to  produce  an  unfortunate  situation,  which,  however,  is 
rapidly  improving. 

5.  Lack  of  proper  design  and  construction  of  producer-gas  engines 
in  the  I'nited  States. 

For  lack  of  proper  construction  many  engines  have  failed  utterly 
to  meet  the  demands  made  upon  them  and  have  been  withdrawn. 
To-day  the  majority  of  manufacturers  realize  that  a  special  engine 
must  be  designed  for  producer-gas  work,  and  that  an  engine  designed 
for  city  gas,  or  gasoUne,  and  then  ''patched  up"  to  work  on  pro- 
ducer gas  nmst  be  a  sorry  failure. 

6.  Lack  of  knowledge  and  confidence  on  the  part  of  the  pubUc. 
Ignorance  of  the  capabilities  of  producer-gas  plants  and  lack  of 

confidence  in  them  have  been  largely  due  to  the  five  difficulties 
already  mentioned  and  will  be  remedied  as  these  are  remedied. 

7.  The  fact  that  the  heating  of  factory  buildings  must  be  pro- 
vided for  by  a  heating  plant  separate  from  the  power  plant. 

The  nece^ssity  of  heating  factories  by  means  of  separate  plants 
may  be  a  serious  factor  in  some  places.  Several  companies,  how- 
ever, claim  that  they  have*  satisfactorily  solved  this  problem.  It  is 
by  no  means  impossible  of  solution,  and  simple,  practical  methods 
of  utilizing  the  heat  from  the  exhaust,  or  the  producer  gas  directly, 
will  undoubtedly  be  devised  in  the  near  future. 

8.  Lack  of  types  of  producers  which  will  gasify  bituminous  coal 
satisfactorily. 

There  are  to-day  at  least  two  types  of  producers  which  will  gasify 
bituminous  coal  reasonably  well — the  pressure  and  the  down-draft 
plants.  I  am  informed  that  producer-gas  plants  aggregating  over 
200,000  horsepower  are  now  in  operation  in  America  on  various 
kinds  of  fuel,  ranging  from  wood  to  the  best  grades  of  bituminous 
coal.     The  work  accomplished  by  the  United  States  Geological  Sur- 
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vey  fuel-testing  plant  certainly  establishes  beyond  doubt  the  possi- 
bilities in  this  direction. 

9.  Inability  to  use  cheap  fuels  in  the  suction  gas  producer. 

The  impossibiUty  of  using  cheap  fuels  in  the  suction  plant  is  a 
drawback  to  its  proper  development.     Several  companies  claim  that 
they  have  solved  this  problem,  but  authorized  statements  of  results 
,are  not  yet  available. 

10.  Lack  of  complete  knowledge  as  to  how  successfully  the  various 
fuels  in  different  localities  can  be  used  in  gas  systems. 

The  special  object  of  investigation**  made  at  the  Geological  Survey's 
fuel-testing  plant  for  the  past  three  years  has  been  to  determine  the 
relative  fuel  values  of  coals  found  in  the  United  States,  and  it  is 
expected  that,  as  its  results  become  available,  this  work  will  supply 
all  necessary  information  concerning  the  various  kinds  of  fuel  tested. 

11.  Large  excess  cost  of  gas-engine-gas-producer  power  plants  over 
that  of  steam-power  plants. 

Although  producer-gas  plants  have  heretofore  been  more  expen- 
sive than  steam-power  plants  the  cost  of  gas  plants  is  decreasing, 
and  the  statement  above  is  at  least  open  to  discussion  if  not  to  con- 
tradiction, at  least  as  applied  to  some  installments. 

Since  definite  information  relating  to  the  cost  of  producer-gas 
installations  is  difficult  to  obtain,  an  attempt  has  been  made  to  pro- 
cure estimates  of  cost  from  all  of  the  leading  manufacturers  in  the 
United  States. 

The  conclusion  reached  is  that  complete  producer  installation  lor 
the  larger  plants — say  from  4,000  to  5,000  horsepower — costs  about 
the  same  as  that  pt  a  first-class  steam  plant  of  the  same  size.  With 
smaller  installations  the  balance  may  be  in  favor  of  the  steam  plant. 
However,  even  if  the  steam  plant  cost  15  per  cent  less  than  the  pro- 
ducer-gas plant  it  should  not  be  forgotten  that  the  increased  efficiency 
in  operating  the  latter  will  make  up  the  difl*erence  in  the  first  cost 
within  a  short  time — probably  in  about  two  years  in  the  average 
plant.  The  difference  in  first  cost  of  plants  of  over  1,000  horsepower, 
with  coal  at  $2.75  or  more  per  ton,  is  usually  wiped  out  within  the 
first  year  of  operation. 

In  view  of  the  difficulty  of  determining  the  exact  basis  of  com- 
parison of  the  costs  of  steam  and  producer-gas  plants,  I  have  decided 
to  present  the  following  very  complete  table,  given  by  Mr.  Stott  in 
his  paper  previously  referred  to,  entitled  ''Power  Plant  Economics." 
Mr.  Stott  says: 

In  this  table  will  be  found  a  tabulation  of  the  relative  values  of  the  various  items 
necessary  in  the  maintenance  and  operation  of  a  power  plant.  The  first  column 
covers  a  plant  with  compound  condensing  reciprocating  engines  without  superheat, 


a  For  dotailod  n^ports  see  Bull.  U.  S.  Geo!.  Survey  Nos.  2C1  and  290,  Prof.  Paper  U.  S.  deol.  Survey 
No.  48  (3  parts) ,  and  other  reports  on  the  subject  published  by  the  Unito<l  States  Geological  Survey. 
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and  is  derived  from  a  year's  record  of  actual  costs  of  a  large  plant  operating  with  a 
load  factor  of  approximately  50  per  cent,  load  factor  in  this  case  being  defined  as — 

Actual  output 


Maximum  hour's  load  X  24. 


The  values  in  the  other  columns  have  in  the  main  been  estimated  from  the  first 
column,  but  wherever  possible  actual  data  derived  from  various  sources,  both  domestic 
and  foreign,  hav(i  been  uwhI;  but  in  all  case^  values  have  been  reduced  so  as  to  make 
them  directly  comparable  with  the  first  column  and  with  one  another.  The  values 
in  maintenance  and  operation  of  steam  turbines  are  derived  from  actual  costs. 

Distribution  of  maintenance  and  operation  charges  per  kilowatt-hour. 

[Stated  in  percentages.] 


Item. 


Maintenance. 

1.  Engine  room,  mechanical 

2.  Boiler  room  or  producer  room 

'A.  Coal  and  ash  handling  apparatus 

4.  Electrical  apparatus 

Operation. 

5.  Coal  and  ash  handling  labor , 

C.  Removal  of  ashes 

7.  Dock  rental 

8.  Boiler-room  labor 

9.  Boiler-room,  oil,  waste,  etc 

10.  Coal 

11.  Water 

12.  Engine  room,  mechanical  labor 

13.  Lubrication 

14.  Waste,  etc 

15.  Electrical  labor 

Relative  cost  of  maintenance  and  operation 
Relative  investment  In  per  cent 


Recipro- 

cating 

engines. 

2.67 

4.61 

a58 

1.12 

2.26 

1.06 

0.74 

7.16 

a  17 

61.30 

7.14 

6.71 

1.77 

aao 

2. 52 

loaoo 

loaoo 

steam 
turbines. 


'  Recipro- 
cating 

engines 
and  steam 

turbines. 


0.51 
4.30 
0.54 
1.12 


2.11 
a94 
0.74 
C.68 
0.17 
67.30 
a  71 
1.35 
a35 

a3o 

2.fi2 


1.54 
3.62 
a  44 
1.12 


1.74 

aso 

0.74 
5l46 
a  17 
4&87 
6l46 
4.03 
1.01 

aao 

2.62 


Qas- 
engine 
plant. 


I  Gas  en- 
I  gines  and 
steam 


turbines. 


2.57 
1.15 
0.29 
1.12 


I 


1.13 
a53 
0.74 
1.79 
a  17 
26.31 
3.67 
a  71 
1.77 
0.30 
2.62 


1.64 
1.95 
a29 
1.12 


1.13 
0.63 
0.74 
3.03 
0.17 
25.77 
2.14 
4.03 
1.06 
0.30 
2.62 


79.64 


76l72 


6a  67 


46.32 


{{2.50 


77.00  I      100.00 


91.20 


VIEWS  OF  OWNERS  AND   OPERATORS  OF  PRODUCER-GAS 

PLANTS. 

About  twenty  companies  in  the  United  States  are  to-day  manu- 
facturing gas  producers  for  power  purposes.  At  least  twelve  of 
these  are  fully  established  on  a  commercial  basis  and  are  in  position 
to  give  proper  guaranties  when  installing  plants. 

Over  300  gas-producer  power  plants,  ranging  in  size  from  20  to 
6,000  horsepower,  are  now  in  operation  in  the  United  States.  One 
company  alone  reports  twenty-odd  installations,  averaging  over 
2,000  horsepower  each,  and  nearly  as  many  more,  averaging  about 
the  same  size,  contracted  for  or  now  being  erected. 

The  number  of  installations  and  the  persistent  development  has 
aln^ady  led  the  National  Board  of  Fire  Underwriters  to  issue  special 
rules  and  recjuirements  for  the  **  Construction,  installation,  and  use 
of  coal-gas  producers  (pressure  and  suction  systems).*' 

Of  the  total  number  of  installations  in  the  United  States  it  is  inter- 
esting  to  note  that  about  two-thirds  are  suction  plants,  operating  on 
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anthracite  coal,  a  few  asin^  charcoal.  Bituminous  coal  is  used  in 
15  to  20  per  cent  of  the  plants  installed,  but  this  proportion  probably 
covers  65  to  75  per  cent  of  the  aggregate  horsepower  rating. 

During  the  summer  of  1906  it  was  my  privilege*  to  visit  several  of 
the  produc«r-gas  power  plants  of  the  country  with  the  idea  of  ascer- 
taining from  their  owners  and  operators  their  exact  uses,  efficiency, 
and  defects.  No  selection  was  ma<le  of  the  plants  to  be  visited. 
The  list  included  producers  made  by  fourteen  manufacturers,  and 
the  territory  visited  extended  from  Maine  to  central  Nebraska. 

The  deductions  made  from  these  visits  are: 

1.  The  plants  &s  a  whole  are  giving  remarkable  satisfaction,  con- 
sidering the  very  brief  period  of  development  that  has  passed  since 
the  introduction  of  this  type  of  power. 

2.  The  most  serious  difficultv  seems  to  arise  from  the  lack  of  com. 
petent  o'perators  to  run  the  plants  rather  than  from  defects  or  troubles 
inherent  in  the  plants  themselves. 

3.  Inexperienced  salesmen  are  undoubtedly  to  blame  for  serious 
misrepresentations  and  misunderstandings. 

4.  The  neglect  shown  by  some  manufacturers  in  respect  to  their 
plants  after  they  are  installed  and  paid  for  has  not  been  far-sighted, 
and  the  failure  of  manufacturers  to  give  the  purchasers  or  operators 
of  plants  full  information  regarding  their  construction  and  method  of 
operation  has  certainly  been  detrimental  to  the  business. 

The  situation  as  a  whole  at  the  present  time  seems  to  be  very 
favorable  for  the  producer-gas  plant,  not  only  as  to  cost  of  installar- 
tion,  operation,  and  maintenance,  but  also  as  to  reliability.  The 
successful  demonstration  at  the  Government  fuel-testing  plant  that 
bituminous  coals,  lignites,  and  peats  can  be  utilized  with  great 
economy  in  these  plants  should  lead  to  an  increase  in  the  use  of  this 
form  of  power  within  the  next  few  years  that  may  surpass  even  the 
most  sanguine  hopes  of  the  manufacturers. 

CKNTKALIZATION    OF    POWKR    DEVELOPMENT   ANI>    DI8- 

TUIBUTIOX. 

The  rapid  increase  in  tlie  use  of  electrical  power  will  be  greatly 
accelerated  witliin  tlie  next  few  years  bv  the  reduction  in  cost  of 
power  production  made  possible  by  tlie  introduction  of  the  gas  pro- 
ducer. It  would  seem  ridiculous  to  predict  the  immediate  doom  of 
the  steam  locomotive,  vet  one  of  the  officials  of  the  New  York  Can- 
tral  Railroad  has  publicly  stated  that  within  ten  years,  in  his  opinion, 
th(»r(»  will  be  no  steam  locomotives  operating  on  the  New  York  Cen- 
tral road.  Already  the  New  York  Central  has  substituted  electric 
for  steam  power  on  its  lines  from  New  York  City  to  a  point  about  40 
miles  from  the  Grand  Central  Station,  and  it  is  rumored  that  before 
long  electric  trains  will  be  running  on  this  road  from  New  York  to 
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Buffalo.  The  Pennsylvania  road  is  to  abandon  the  use  of  the  steam 
locomotive  between  Atlantic  City  and  Philadelphia;  and  the  New 
York,  New  Haven  and  Hartford  is  following  the  same  line  of  progress 
by  nmning  its  trains  from  Stamford,  Conn.,  to  New  York  City  by 
electric  power. 

These  rapid  changes  are  leading  to  one  end — the  centralization  of 
power  development  and  distribution.  Now  that  it  is  commercially 
possible  to  transmit  electrical  power  for  distances  of  250  or  more 
mil(\s,  a  central  plant  could  distribute  such  electric  current  for  a  dis- 
tance of  500  miles — that  is,  for  250  miles  on  all  sides  of  the  plant — 
tims  covering  a  circle  comprising  almost  200,000  square  mile^ — an 
ar(»a  nearly  four  times  the  size  of  the  State  of  HUnois.  The  logical 
location  of  such  a  plant  is  at  or  near  the  mines.  With  ten  or  twelve 
of  these  great  central  plants  located  at  the  various  mining  centers, 
the  great  railroads  of  the  United  States  can  send  their  trains  speed- 
ing from  the  Atlantic  to  the  Pacific  coast;  and  the  passengers,  as 
well  as  the  towns  through  which  the  trains  pass,  will  be  entirely  freed 
from  the  usual  annoyance  of  smoke  and  cinders,  and  the  disastrous 
fires  caused  by  sparks  from  locomotives  will  be  a  thing  of  the  past. 


CONDITION  OF  THE  COAL-BRIQUETTING  INDUSTRY  IN 

THE  UNITED  STATES. 


By  Edward  W.  Parker. 


(JENKKAIi  STATUS  OF  BRIQUBTTTNG. 

Although  the  briquetting  of  coals  and  lignites  has  been  carried  on 
for  many  years  in  Europe,  and  has  reached  a  particularly  high  state  of 
development  in  France,  Belgium,  and  Germany,  it  has  made  com- 
paratively little  progress  in  the  United  States.  The  causes  for  the 
backwardness  of  the  United  States  in  this  regard  are  several,  and  first 
among  them  has  been  the  abundant  supply  of  cheap  raw  fuel  with 
which  the  manufactured  article  has  to  compete.  With  our  millions  of 
acres  of  coal-producing  lands,  in  which  the  coal  can  in  most  places  be 
cheaply  mined,  it  has  appeared  in  many  districts  to  be  more  econom- 
ical to  waste  the  slack  or  culm,  which  constitutes  a  considerable 
percentage  of  the  product,  than  to  attempt  to  save  it  at  the  additional 
expense  required  for  briquetting.  For  this  reason  large  tracts  in  the 
anthracite  region  of  Pennsylvania  are  covered  by  unsightly  culm 
banks  which  encumber  the  ground  and  mar  the  view,  and  in  some  of 
the  bituminous  districts  huge  piles  of  unmarketable  slack  are  allowed 
to  bum  in  order  to  get  rid  of  them.  When  the  coal  is  of  coking 
quality,  or  when  the  slack  can  be  used  for  steaming  purposes,  these 
losses  are  not  sustained,  but  many  thousands  of  tons  of  material  that 
might  be  converted  into  usable  fuel  have  been  wasted  every  year 
simply  because  of  the  increased  expense  involved  in  its  preparation. 

The  development  of  the  briquetting  industry  has  also  been  retarded 
by  attempts  to  exploit  patented  or  secret  processes,  for  which  all 
kinds  of  extravagant  claims  have  been  made,  but  which  have  almost 
invariably  proved  expensive  and  unprofitable,  and  the  investment  of 
capital  in  enterprises  of  this  character  has  been  accordingly  dis- 
couraged. The  Patent  Office  records  teem  with  patents  issued  on  all 
sorts  of  inventions  relating  to  binders,  many  of  which  are  as  fanciful 
as  the  idea  of  perpetual  motion. 

Another  reason  for  the  failure  to  build  up  a  briquetting  industry  in 
the  anthracite  region  of  Pennsylvania,  where  the  best  opportunity  for 
its  development  is  offered,  has  been  the  opposition  shown  by  some  of 

400 
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the  operators  to  the  introduction  of  a  manufactured  domestic  fuel 
which  would  come  in  competition  with  the  prepared  sizes  of  anthra- 
cite. And  such  an  opposition  is  natural.  The  competition  of 
bituminous  coal  has  almost  entirely  shut  out  anthracite  as  a  steam 
fuel.  Coke  for  iron  making  has  almost  entirely  supplanted  anthrar 
cite,  and  the  use  for  domestic  purposes  of  coke  and  gas  made  from 
bituminous  coal  is  growing.  Owing  to  the  greater  depths  to  which 
the  mining  of  anthracite  is  being  carried,  the  thinner  and  less  favor- 
ably located  beds  which  are  being  worked,  and  the  increasing  cost 
of  labor,  the  mining  and  preparing  of  anthracite  is  becoming  more 
expensive  on  one  hand,  while  competition  is  becoming  keener  on  the 
other.  A  certain  rate  of  production  must  be  kept  up  for  the  protec- 
tion of  the  properties  themselves,  and,  when  all  the  conditions  are 
considered,  the  unfavorable  attitude  on  the  part  of  the  operators 
toward  further  competition  is  at  least  realizable. 

Still  another  reason  which  has  been  assigned,  rightly  or  wrongly,  for 
our  halting  progress  in  fuel  briquetting  has  been  the  lack  of  assurance 
of  a  regular  supply  of  coal-tar  pitch  at  reasonably  low  prices.  For 
out  of  the  many  attempts  that  have  marked  the  incubating  period  of 
briquetting  development — some  of  them  costly — has  grown  the 
knowledge  that  coal-tar  pitch  must  be  relied  on  to  supply,  in  the 
Eastern  States  at  least,  all  or  the  greater  part  of  the  binding  material. 
In  California,  Arizona,  and  other  parts  of  the  Far  West  asphaltic  pitch, 
the  residual  product  from  the  refining  of  the  heavy  asphalt-base 
petroleums  of  that  region,  has  been  and  is  now  successfully  used  in 
recently  constructed  briquetting  plants.  But  in  the  East  coal-tar 
pitch  is  the  base  of  the  economically  successful  cementing  material — a 
fact  that  has  been  fully  demonstrated  by  the  extended  investigations 
carried  on  at  the  United  States  Geological  Survey's  fuel-testing  plant 
at  St.  Louis.®  These  investigations  included  experiments  with  all 
kinds  of  organic  and  inorganic  binders,  embracing,  besides  coal-tar 
pitch,  such  materials  as  rosin,  sugar-house  refuse,  molasses,  acid 
sludge,  quicklime,  and  various  mixtures.  The  results  show  that  either 
coal-tar  or  asphaltic  pitch  are  the  only  really  successful  binders.  Any 
materials  used  with  them  must  possess  above  all  others  the  essential 
virtue  of  cheapness. 

But  while  it  is  claimed  on  one  side  that  the  briquetting  industry 
has  been  held  back  by  the  lack  of  assurance  of  a  steady  supply  of 
coal-tar  pitch,  it  also  happens  that  one  of  the  reasons  assigned  for  the 
comparatively  slow  development  of  the  by-product  coking  ovens  in 
the  United  States  in  the  last  few  years  is  the  lack  of  a  profitable 
demand  for  coal  tar,  an  important  by-product  of  retort  coke  ovens. 
It  is  well  known  that  the  demand  for  creosoting  oils  to  be  used  by  rail- 

a  Bulls.  U.S.  Oeol.  Survey  Nos.  2B1  and  290;  Prof.  Paper  U.  SL  Ocol.  Survey  No.  48. 


462       CONTBIBUTIONS  TO   ECONOMIC   GEOLOGY,  1906,  PABT  11. 

road  companies  for  preserving  ties,  bridge  timbers,  etc.,  is  far  beyond 
the  present  domestic  production  of  that  coal-tar  product,  and  the  statis- 
tics compiled  by  the  Bureau  of  Statistics  of  the  Department  of  Com- 
merce and  Labor  show  that  our  imports  of  the  chemical  products  of 
coal  tar  amount  to  over  $10,000,000  in  value  yearly.  To  the- ordi- 
nary observer  it  would  appear  that  the  conditions  here  presented 
afford  an  opportimity  for  the  recognition  of  a  commimity  of  interests 
which  may  be  profitable  to  the  manufacturers  and  beneficial  to  the 
general  public.  The  constantly  increasing  expense  involved  in  min- 
ing and  preparing  anthracite  coal  is  slowly  but  surely  making  that 
commodity  more  and  more  a  luxiuy,  and  manufactured  fuel  which 
will  take  the  place  of  anthracite  for  domestic  use,  particularly  among 
consmners  of  moderate  means,  appears  to  be  needed.  This  is  espe- 
cially true  in  the  northeastern  section  of  the  United  States. 

Two  of  the  briquetting  plants,  which  have  been  recently  con- 
structed, and  which  are  discussed  in  detail  in  the  following  pages, 
indicate  somewhat  a  ** getting  together''  of  the  coal-tar  producing 
and  the  briquetting  interests.  These  are  the  plants  of  the  United 
Gas  Improvement  Company,  at  Point  Breeze,  Philadelphia,  and  of 
the  Semet-Solvay  Company,  at  Del  Ray,  Mich.  Both  companies 
are  producers  of  coal  tar,  and  the  plants  have  been  constructed  for 
the  purpose  of  briquetting  mixtures  of  anthracite  culm  and  coke 
breeze. 

It  appears  now,  moreover,  that  the  period  of  failure  and  discour- 
agement in  the  manufacture  and  use  of  briquetted  fuel  has  passed 
and  that  the  industry  will  be  placed  on  a  substantial  footing. 

BKIQUKTTING  PLlAJTOS  IN  THK  UJaTEl>  STATES. 

GENERAL   STATEMENT. 

The  first  successful  plant  in  the  United  States  of  which  the  writer 
has  any  definite  knowledge  was  built  at  Stockton,  Cal.,  a  few  years 
ago  by  the  San  Francisco  and  San  Joaquin  Coal  Company.  This 
plant,  unfortunately,  was  entirely  destroyed  by  fire  in  1905,  and  the 
plans  for  its  reconstruction  at  San  Francisco  were  interrupted  by  the 
eartlujuake  and  fire  which  destroyed  a  large  portion  of  that  city  in 
April,  1006. 

During  the  last  two  years  a  number  of  briquetting  plants  have  been 
built  and  as  complete  descriptions  of  them  as  it  has  been  possible  to 
obtain  are  given  in  the  subsequent  pages.  Some  of  them  have  been 
put  in  operation  sinc«  January  1,  1907. 

The  following  list,  compiled  from  newspapers  and  other  sources, 
shows  the  name  and  locatiim  of  companies  which  have  been  organ- 
ized for  the  purpose  of  carrying  on  the  briquetting  business,  or  which 
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have  constructed  plants  to  operate  in  connection  with  an  already 
established  industry: 

Arizona  Copper  Company,  Clifton,  Ariz.     In  operation.     (See  pp.  477-479.) 

Ajax  Fuel  Company,  San  Francisco,  Cal.  Operated  small  plant  in  1905;  destroyed 
by  earthquake  and  fire  in  April,  1906. 

Pittsburg  Coal  Mining  Company,  San  Francisco,  Cal.     (See  pp.  475-477.) 

Eureka  Briquette  Company,  Oakland,  Cal.  Organized,  according  to  press  bulle- 
tins, with  capital  of  $75,000.  Letters  addressed  to  the  company  were  returned 
unclaimed. 

San  Francisco  and  San  Joaquin  Coal  Company,  San  Francisco,  Cal.  (See  pp.  472- 
473.) 

I' nil od  States  Briquetting  Company,  San  Francisco,  Cal.  Organized  for  briquetting 
mixture  of  peat  and  California  crude  oil.  Original  plant  destroyed  by  earthquake. 
Erecting  new  plant  at  Siege,  Cal.     (See  p.  477.) 

Western  Fuel  Company,  Oakland,  Cal.  Constructed  plant  in  1905.  (See  pp.  473- 
475.) 

American  Coal  Briquette  Company,  Washington,  D.  C.     Impossible  to  locate. 

Orlando  Water  and  Light  Company,  Orlando,  Fla.     (See  p.  481.) 

Illinois  Coalette  Fuel  and  Mining  Company,  Alton,  III.  Reported  as  having  organ- 
ized with  capitalization  of  $1,000,000.     No  replies  received  from  inquiries. 

National  Compressed  Fuel  Company,  Chicago,  111.  Organized  in  1904  for  exploiting 
the  Hoffman  patent  binder  exhibited  at  the  St.  Louis  exposition.  Letters  addressed 
to  the  company  have  been  returned  unclaimed. 

Anderson  Artificial  Coal  Company,  Anderson,  Ind.  Incorporated,  according  to 
press  reports,  in  1905;  capital  stock,  $50,000.     No  replies  received  to  letters. 

Globe  Coal  Manufacturing  Company,  South  Bend,  Ind.  Incorporated  in  1905,  but 
a  plant  has  never  been  erected. 

United  States  Heyde-Brand  Coal  Company,  Berwick,  Me.  Letters  returned  un- 
claimed. 

Ea.«!tern  Coaleo  Manufacturing  Company,  Baltimore,  Md.  Organized  by  L.  G. 
McPherson,  T.  K.  Stewart,  and  others,  but  no  progress  made. 

Boston  Coal  Briquetting  Company,  Boston,  Mass.     Letters  returned  unclaimed. 

Semet-Solvay  Company,  Del  Ray,  Mich.    (See  p.  479.) 

Gen.  Alexander  Hughes,  Minneapolis,  Minn.  Carried  on  some  experiments  looking 
toward  the  briquetting  of  North  Dakota  lignitQ,  but  has  not  established  any  plant. 

International  Coal  Briquette  (k)mpany,  Minneapolis,  Minn.  Letters  returned 
unclaimed. 

Mankato  Peat  Fuel  Company,  Mankato,  Minn.     No  replies  to  letters. 

Valentine  Coal  Binder  and  Briquette  (k)mpany,  St.  Paul,  Minn.  Letters  returned 
unclaimed. 

Coaleo  Fuel  Manufacturing  Company,  St.  Louis,  Mo.    No  replies  to  inquiries. 

Renfrow  Briquette  Machine  Company,  St.  Louis,  Mo.     (See  pp. '481-484.) 

United  States  Artificial  Coal  Company,  St.  Louis,  Mo.     Letters  returned  unclaimed. 

Compressed  Coal  Company,  Camden,  N.  J.    Unable  to  find. 

The  Briquetting  Company,  Jersey  City,  N.  J.     Letters  returned  unclaimed. 

McCiinnis  Coal  Briquette  Company,  Jersey  City,  N.  J.     Letters  returned  unclaimed. 

Monon  Development  Company,  Jersey  City,  N.  J.     Letters  returned  unclaimed. 

New  Jersey  Briquetting  Company,  Jersey  City,  N.  J.    (See  p.  465.) 

Sanitation  Coal  Company,  Jersey  City,  N.  J.     Letters  returned  unclaimed. 

Peat  Fu(4  Company  of  New  Jersey,  Lincoln  Park,  N.  J.     No  replies  to  inquiries. 

American  Fuel  Corporation,  Newark,  N.  J.     No  replies  to  inquiries. 

American  Peat  Fuel  Company,  Passaic,  N.  J.     No  replies  to  inquiries. 

E.  H.  Arnold,  New  York  City.     (See  pp.  468-470.) 

The  Briquetting  Company,  New  York  City.  Address  given  as  52  Broadway.  Not 
found. 

9411— Bull.  316—07 30 
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Economy  SmokeleflB  Coal  Company.  New  York  City.     Letters  returned  unclaimed. 

D.  Grif.*me  Coal  Company,  New  Y'ork  City.     Xo  replies  to  letters. 

Int^;mational  Briquetting  Company,  New  Y'ork  City.  Organized  in  1905,  but 
nothing  accomplished. 

Manhattan  Coal  Briquette  Company,  New  Y'ork  City.     Letters  returned  unclaimed. 

National  Fuel  Briquette  Company,  New  York  City  and  Biooklyn,  N.  Y".  (See 
pp.  477-478.; 

New  Jf?rw;y  Briquetting  Company,  Brooklyn,  N.  Y.    (See  pp.  464—167.; 

N(rw  York  Compreased  Fuel  Company,  New  York  City.  Letters  returned  un- 
claimed. 

North  American  Coal  Briquette  Company,  New  York  City.    (See  p.  478.) 

P<rat  Koal  Company,  New  Y'ork  City.     No  replies  to  inquiries. 

Pw;rlefl8  Fuel  Company,  New  York  City.     Letters  returned  unclaimed. 

Scranton  Anthracite  Briquette  Company,  New  Y'ork  City.     (See  pp.  47(M71.) 

•Standard  Briquette  Company,  New  York  City.     No  replies  to  inquiries. 

United  States  Briquette  Company,  New  Y'ork  City.     Letters  returned  unclaimed. 

Zwoyer  Fuel  Company,  New  York  City.     (See  p.  466.) 

Briquette  Coal  Company,  Stapleton,  N.  Y.    (See  p.  477.) 

Koala  Fuel  Manufacturing  Company,  Washburn,  N.  Dak.  Letters  returned  un- 
claimed. 

Hon.  W.  D.  Washburn,  Wilton,  N.  Dak.     (See  p.  480.) 

Composition  Fuel  Company,  Johnstown,  Pa.     No  replies  to  inquiries. 

United  Gas  Improvement  Company,  Philadelphia,  Pa.     (See  pp.  471-472.) 

R.  B.  Metcalf,  Providence,  R.  I.  Operated  a  briquetting  plant  at  Portsmouth  about 
ten  years  ago.     Coal  found  to  be  unsuitable  for  briquetting. 

International  Compress  Coal  Company,  Houston,  Tex.     (See  p.  480.) 

North  Fort  Worth  Patent  Fuel  Company,  Fort  Worth,  Tex.     No  replies  to  inquiries. 

Eureka  Briquette  Company,  Rockdale,  Tex.     (See  p.  480.) 

American  Lignite  Briquette  (k)mpany,  San  Antonio,  Tex.     (See  p.  480.) 

International  Fuel  Company,  Rutland,  Vt.  Organized  by  the  late  Henry  R.  Dorr 
to  manufat'lure  briquett€*8  from  anthracite  culm.  Nothing  done  since  the  death  of  Mr. 
Dorr  in  lOOO. 

Belli nghani  Briquetting  Company,  Bellingham,  Wash.  Organized  with  a  capital 
of  $75, (XX);  nothing  done  in  the  way  of  construction. 

South<»rn  Pacific  Coal  Company,  Carbonado,  Wash.     No  replies  to  inquiries. 

Pacili<;  ('oke  and  Coal  Briquetting  Company,  Spokane,  Wash.  Letters  returned 
uncluimcMl. 

NEW  YORK,  N.  Y. 

New  Jersey  liriqueiiing  Company. — During  1904  and  1905  the 
New  J(Ts(»y  Bri(|uetting  Company,  of  New  York,  constructed  at  the 
foot  of  Washington  street,  Brooklyn,  a  plant  for  exploiting  the 
Zwoyrr  Fuel  Company's  l)ri(|uetting  process.  This  plant  was  intended 
to  1)0  oporat(Ml  in  connection  with  a  coal  yard  on  Adams  street,  but 
during  the  construction  of  the  piers  and  anchorages  for  the  new 
Manhattan  Bridge  the  company  was  prohibited  from  operating  the 
tramway  from  the  coal  yard  to  the  plant.  This  interfered  with  the 
operations  of  the  plant,  and  as  extensive  storage  capacity,  either  for 
raw  material  or  for  the  product,  had  not  been  provided  for  at  the 
site*,  the  work  done  has  been  accomplished  under  much  disadvantage. 
The  prohibition  put  on  the  tramway  and  the  lack  of  dock  facilities 
for  loading  and  unloading  material  has  crippled  the  plant  to  such  an 
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extent  that  what  was  supposed  to  be  an  excellent  location  has  turned 
out  to  be  an  unfortunate  one,  and  the  present  methods  of  receiring 
and  handling  the  material  make  the  operations  so  expensive  that  the 
briquettes  can  not  successfully  compete  with  raw  fuel.  As  a  result 
of  these  unfortunate  conditions  it  is  proposed  to  remove  the  plant  to 
a  site  bettor  adapted  for  receiving,  storing,  and  shipping  the  material. 
The  officials  of  both  the  New  Jersey  Briquetting  Company  and  the 
Zwoyer  Fuel  Company  are  entirely  satisfied  with  the  experimental 
results. 

A  description  of  the  plant  in  Brooklyn  was  published  in  the  Iron 
Age,  from  which  the  following  notes  have  been  in  part  abstracted, 
additional,  matter  having  been  furnished  by  Virgil  II.  Hewes,  treas- 
urer of  the  Zwoyer  Fuel  Company. 

Prior  to  the  construction  of  the  plant  in  Brooklyn  the  Zwoyer  Fuel 
Company  had  built  a  small  plant  in  Jersey  City,  N.  J.,  which  was  of 
suflTicient  capacity  for  experimental  work,  but  not  large  enough  to  be 
operated  as  a  commercial  undertaking,  and  was  abandoned. 

It  may  be  stated  here  that,  after  a  considerable  expenditure  of  time 
and  money  in  experimenting  with  different  kinds  of  binders,  coal-tar 
pitch  was  finally  selected  as  the  material  best  suited  to  the  work,  a 
decision  which  has  been  generally  reached  in  the  Eastern  States, 
asphaltic  pitch  having  been  adopted  in  the  Far  West,  where  that 
article  is  cheaply  obtained.  During  the  progress  of  the  experimental 
work  about  200  tons  of  briquettes  were  made  with  a  binder  composed 
of  6}  per  cent  of  rosin  and  oil,  IJ  per  cent  of  flour  and  water,  and  6 
to  10  per  cent  of  bituminous  coal,  the  body  of  the  briquette  being 
anthracite  dust.  About  900  tons  were  made  with  5  to  7  per  cent  of 
rosin  and  oil  and  10  per  cent  of  bituminous  coal,  400  tons  were  made 
with  5  to  7  per  c^nt  of  wood  pitch  and  10  per  c^nt  of  bituminous  coal, 
and  1 ,500  tons  were  made  with  6  to  7  per  cent  of  coal-tar  pitch  alone. 
In  applying  the  binder  during  the  last  three  experiments  an  atomizer 
was  used. 

The  plant  in  Brooklyn  has  a  capacity  of  10  tons  an  hour  and  was 
built  for  the  purposes  of  demonstration.  During  the  winter  and 
spring  of  1905-6  about  3,000  tons  of  anthracite  briquettes  were  made 
and  sold.  The  price  received  was  $5  per  ton  of  2,000  pounds  at  the 
plant,  $5.50  per  ton  delivered,  and  $6.60  per  ton  in  bags  of  100  pounds 
each.  These  prices  were  50  cents  below  the  prices  of  the  domestic 
sizes  of  anthracite. 

The  building  is  nearly  triangular  in  outline.  The  anthracite  dust 
is  received  on  Washington  street  at  the  end  of  a  screw  conveyor, 
which  carries  it  to  the  foot  of  an  elevator,  where  it  is  lifted  to  the  top 
of  tlio  plant  and  spouted  to  a  screen  located  over  the  dust  bin.  The 
coarser  material  is  spouted  either  to  the  boiler  room  or  to  an  oversize 
bin  in  the  rear  of  the  dust  bin  and  then  fed  into  a  crusher,  crushed 
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and  passed  to  the  foot  of  the  dust  elevator,  where  it  is  again  carried 
to  the  screen.  The  dust  is  drawn  from  the  dust  bin  by  a  conveyor, 
driven  from  a  variable-speed  countershaft,  and  is  fed  to  the  16  by 
36  inch  roll  crusher.  It  then  passes  to  an  elevator  and  is  carried  to 
the  mixers.  After  passing  through  six  mixers  it  is  carried  to  the 
second  floor,  where  it  falls  into  the  press  hopper. 

From  the  press  the  briquettes  are  carried  by  a  belt  conveyor  to  the 
baking  oven  (when  smokeless  briquettes  are  wanted)  and  are  then 
elevated  to  and  distributed  upon  the  cooling  table,  which  is  located 
on  the  second  floor.  After  cooling,  the  briquettes  are  run  into  chutes 
and  loaded  into  wagons  for  delivering,  or  are  stored.  In  New  York 
the  briquettes  sell  readily  when  not  baked. 

On  one  side  of  the  dust  bin  there  is  a  bin  from  which  soft  coal  is 
fed  into  a  19  by  4  inch  roll  crusher  and  passed  to  the  same  elevator 
that  carries  the  dust  to  the  mixers.  Development  has  shown  that 
it  is  not  necessarv  to  use  soft  coal  with  anthracite  dust.  However, 
this  bin  is  used  when  experimental  runs  are  made  requiring  the  mix- 
ing of  difl'erent  materials  with  the  dust. 

The  binder  used  is  coal-tar  pitch,  which  is  received  in  barrels  on 
the  Plymouth  street  side  of  the  building.  It  is  hoisted  to  the  second 
floor  by  means  of  a  barrel  hoist;  the  staves  are  then  removed  and 
the  pitch  is  thrown  into  the  binder  melting  tank  (a  tank  holding 
about  15  tons  of  pitch)  and  pumped  by  means  of  a  rotary  pump 
into  the  storage  or  hot  binder  tank,  where  it  is  kept  heated. 

The  number  of  units  necessary  in  a  mixer  depends  on  the  material 
to  be  briquetted  and  the  condition  in  which  it  is  received.  At  this 
plant  six  mixers  are  used,  which  have  proved  well  adapted  to  the 
handling  of  coal  (hard  and  soft,  wet  or  dry),  coke  breeze,  and  even 
iron  concentrates. 

The  dust  enters  mixer  No.  1,  and  is  carried  through  mixers  Nos.  1 
to  6,  and  then  by  conveyor  to  the  press.  In  passing  through  mixers 
Nos.  1  and  2  the  dust  is  heated  by  furnaces  to  drive  off"  all  the  moisture. 
The  coal-tar  pitch,  which  has  been  previously  heated,  is  pumped 
from  the  storage  tank  by  a  small  rotary  pump  driven  from  a  variable- 
speed  countershaft,  which  regulates  the  percentage  of  pitch  used. 
The  pitch  is  atomized  by  means  of  a  steam  jet  and  delivered  to  mixer 

No.  3. 

The  above  apparatus  and  .process  are  patented. 

A  press  of  the  roll  type  is  used,  the  rolls  being  built  up  of  disks 
which  are  milled  to  form  the  pockets  and  then  assembled  and  bolted 
together  on  the  shaft.  This  method  of  constructing  the  rolb,  as 
well  as  the  design  of  the  briquettes,  is  patented.  Briquettes  are 
made  in  two  sizes — U  by  IJ  by  1}  inches  and  2i  by  2i  by  If  inches. 
The  briquettes  are  square  ''pillow"  or  '* pin-cushion''  shape.  The 
smaller  ones  weigh  2  ounces  and  the  larger  3.3  ounces. 
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The  cooling  table  consists  of  three  endless  belts  composed  of  steel 
plates  carried  at  their  ends  by  sprocket  chains.  The  belts  are  placed 
one  over  the  other  and  carry  the  briquettes  back  and  forth  six  times 
over  a  distance  of  84  feet,  making  a  total  travel  of  504  feet.  The 
briquettes  are  then  run  into  bins  or  loaded  into  wagons. 

Staten  Island  plant. — The  Briquette  Coal  Company,  J.  P.  Egbert, 
manager.  No.  2  Stone  street,  New  York  City,  has  just  completed  the 
construction  of  a  briquetting  plant  at  Stapleton,  on  Staten  Island. 
This  plant  is  constructed  for  the  purpose  of  using  anthracite  dust  as 
delivered  at  the  plant,  with  coal-tar  pitch  as  the  basis  of  the  binding 
material.  The  plant  does  not  possess  any  novelties  in  its  design  except 
that  there  are  two  presses  of  radically  different  types.  One  of  these  is 
of  German  manufacture,  having  been  built  at  the  works  of  Schuchter- 
mann  &  Kremer,  of  Dortmund.  This  press  is  of  the  plunger  type 
and  in  the  manner  of  feed,  compression,  and  ejection  is  similar  to 
the  Johnson  (English)  machine  used  at  the  Geological  Survey  testing 
plant  at  St.  Louis,  except  that  the  disk  containing  the  compressing 
molds  is  set  and  revolves  horizontally  instead  of  vertically.  The 
briquette  is  a  parallelepiped  in  shape,  with  the  end  edges  rounded. 
The  dimensions  are  4j  by  2J  by  2h  inches  and  the  briquettes  weigh 
about  1.5  pounds.     They  have  a  specific  gravity  of  about  1.24. 

The  second  press  is  of  what  is  generally  classed  as  the  Belgian 
type,  similar  to  the  one  described  as  the  ** American"  machine  used 
at  the  Geological  Survey  testing  plant.  This  particular  machine 
was  made  at  the  works  of  H.  Stevens,  at  Charleroi,  Belgium.  Tlie 
product  is  of  the  eggette  pattern,  which  is  more  desirable  for  domestic 
use  than  the  larger  briquette.  The  eggettes  weigh  about  5  ounces 
and  have  a  specific  gravity  of  1.37.  The  manager  of  the  company, 
Mr.  Egbert,  extended  to  the  writer  every  courtesy  possible.  The 
total  capacity  of  this  plant,  with  both  presses  in  operation,  is  120  tons 
of  briquettes  per  day  of  ten  hours.  The  German  machine  will  turn 
out  4i  tons  and  the  French  machine  7i  tons  per  hour. 

South  Brooklyn  plant, — Another  plant,  which  has  just  been  com- 
pleted as  this  report  is  written,  is  that  of  the  National  Fuel  Briquette 
Machinery  Company  of  New  York  City.  This  plant  is  located  at 
the  foot  of  Court  and  Smith  streets,  Brooklyn,  close  to  the  Gowanus 
Canal,  by  which  the  materials  to  be  used  can  be  brought  in  barges 
and  discharged  at  a  minimum  of  expense.  While  intended  to  be 
operated  on  a  commercial  basis,  it  may  be  considered  rather  as  a 
demonstrating  plant.  It  is  planned  to  use  anthracite  dust,  with 
coal-tar  pitch  as  a  binder.  The  press  is  of  the  Belgian  type,  pro- 
ducing eggettes  or  **boulets"  somewhat  smaller  than  an  ordinary 
hen's  egg,  and  made  exclusively  for  domestic  use.  The  machinery 
used  in  this  plant  was  patented  in  this  country  (United  States 
patent  No.  799149,  September  12,  1905)  by  Robert  Devillers,  with 


468       CONTRIBUTIONS   TO   ECONOMIC   GEOLOGY,  1906,   PART   II. 

whom  the  writer  visited  the  plant  and  to  whom  acknowledgments 
are  made  for  courtesies  extended.  The  eggett^s  here  produced 
are  much  smaller  than  those  ordinarily  made,  weighing  only  about 
1.5  ounces  each.     They  have  a  specific  gravity  of  1.3. 

North  American  Coal  Briquette  Company, — This  company,  whose 
office  is  at  177  Broadway,  New  York  City,  has  been  incorporated 
for  the  purpose  of  exploiting  the  Forst  briquetting  process.  The 
main  feature  of  this  process  consists  in  the  material  to  be  used  as  a 
binder,  part  of  which  is  kept  secret,  but  which  consists  principally 
of  coal-tar  pitch.  The  merit  claimed  for  the  secret  ingredients  of  the 
binder  is  that  they  permit  a  great  economy  in  the  quantity  of  binder 
used  for  the  manufacture  of  superior  briquettes.  The  company  has 
negotiated  for  the  purchase  of  a  Duprey  (French)  machine,  and  has 
sent  10  tons  of  anthracite  coal  and  1  ton  of  binder  to  Paris  for  the 
purpose  of  demonstrating  the  claims  made  for  this  process. 

The  Mashek  briquetting  process, — The  briquetting  press  designed 
by  G.  J.  Mashek  (now  with  the  Traylor  Engineering  Company, 
New  York  City)  was  described  in  detail  by  him  in  the  Iron  Age  of 
April  19,  1906.  It  was  designed  for  the  purpose  of  overcoming  the 
objections  to  the  use  of  briquetting  machinery  which  had  developed 
principally  through  the  failure  of  certain  foreign-made  machines  to 
meet  the  requirements  of  the  American  trade.  When  Mr.  Mashek 
started  on  the  development  of  his  plans,  in  1903,  the  general  type 
of  machine  in  use  in  Europe  was  that  which  made  large,  rectangular- 
sided  briquettes  weighing  from  7  to  20  pounds  each,  and  these 
proved  unsuitable  to  American  use.  In  designing  his  press  Mr 
Mashek  adopted  the  Belgian  idea  of  molds  contained  in  the  periph 
eries  of  two  tangential  wheels,  but,  instead  of  the  eggette  pattern, 
developed  one  which  minimizes  the  blank  spaces  between  the  molds 
and  produces  a  briquette  of  pillow  or  pincushion  shape. 

The  Traylor  Engineering  Company  has  recently  built  for  E.  B. 
Arnold  a  Mashek  press,  which  has  been  installed  at  the  foot  of  West 
Forty-seventh  street,  New  York  City.  The  building  was  designed 
and  erected  for,  and  originally  equipped  with,  a  different  type  of 
machinery,  but  the  briquettes  made  proved  to  be  of  a  shape  and 
character  unsuited  to  the  trade,  and  the  cost  of  manufacture  was 
also  too  high  to  enable  the  briquettes  to  compete  with  natural  coal. 
When  it  was  decided  to  substitute  a  Mashek  press  for  the  old  one,  it 
was  also  deemed  advisable  to  use  the  same  building,  which  is  a  sub- 
stantial one,  and  also  as  far  as  possible  the  old  machinery  (such  as 
elevators,  shafting,  power  plant,  etc.),  which  was  practically  new 
and  in  good  order,  but  which  did  not  permit  the  most  desirable 
arrangement. 

The  new  press  installed  has  a  capacity  of  about  14  tons  of  2-ounce 
briquettes  per  hour,  but  on  account  of  the  inconvenience  resulting 
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from  the  use  of  so  much  of  the  old  equipment  it  is  impossible  to 
handle  sufficient  material  to  keep  the  machinery  running  at  its  full 
capacity  and  it  is  now  operated  at  the  rate  of  about  10  tons  per 
hour.  The  cost  of  labor,  fixed  charges,  and  other  expense  being  the 
same,  the  cost  of  production  is  slightly  higher  per  ton  of  briquettes 
than  it  would  be  if  the  plant  were  operated  up  to  its  maximum 
capacity.  The  size  of  the  briquettes  has  been  determined  by  putting 
them  on  the  market  and  selling  them  for  domestic  purposes,  starting 
with  1 -ounce  briquettes  and  running  up  to  3  ounces.  It  was  found 
that  the  majority  of  users  preferred  a  2-ounce  size,  which  corresponds 
with  the  ''stove"  size  of  anthracite.  The  weight,  of  course,  will  vary 
with  the  nature  of  the  dust  from  which  the  briquette  is  made,  and  it 
has  been  found  that  in  using  coke  breeze  a  2i-ounce  briquette  is 
most  desirable,  and  about  a  3-ounce  if  made  of  soft  coal  and  lignite. 
The  press  is  so  designed  that  a  change  of  the  mold  shells  can  be  made 
in  about  two  hours. 

The  anthracite  dust  is  elevated  to  the  dust  bin,  from  which  it  is 
drawn  by  a  feed  conveyor  so  arranged  that  the  feed  is  constant  and 
can  be  regulated  as  desired.  This  conveyor  discharges  into  a  chain 
elevator,  which  in  turn  discharges  into  a  battery  of  five  18-inch 
rotary  driers  and  heaters.  These  are  superimposed  one  above 
another  and  all  bricked  in.  The  material  is  conveyed  through  these 
driers  by  means  of  screw  mixers  until  it  passes  into  the  elevator. 

On  the  side  of  these  driers  is  constructed  a  furnace,  the  products  of 
combustion  from  which  are  distributed  into  the  driers  through  open- 
ings into  the  different  units,  so  that  no  unit  gets  heat  sufficient  to 
either  char  the  dust  or  bum  out  the  ironwork  of  the  paddle  conveyor. 
An  exhaust  fan  draws  off  the  products  of  combustion  and  the  moist- 
ure. The  temperature  of  the  discharge  gases  and  moisture  from  the 
drier  rarely  exceeds  212*^  F.  After  the  material  passes  out  of  the 
drier  into  the  elevator  it  is  raised  and  dropped  into  a  36-inch  Williams 
pulverizer,  which  crushes  the  larger  pieces  so  that  everything  passes 
through  about  a  12-mesh  screen.  From  the  pulverizer  the  material 
is  again  elevated  to  another  series  of  mixers  and  coolers  similar  in 
construction  to  the  driers.  At  this  point  the  anthracite  dust  has  a 
temperature  of  about  300*^  F.  •  The  coal-tar  pitch  is  here  introduced 
by  means  of  a  pitch  pump  so  arranged  that  it  will  deliver  a  definite 
quantity  of  pitch,  as  desired.  Alongside  of  the  last  battery  of 
mixers  is  a  small  furnace  which  heats  the  two  upper  mixers,  main- 
taining an  even  temperature  in  the  mixture  and  not  allowing  it  to 
stiffen  or  set.  From  the  last  mixer  the  material  drops  to  an  elevator 
that  takes  it  up  to  the  second  floor  and  discharges  it  onto  an  18-inch 
belt  conveyor,  which  delivers  the  material  into  the  hopper  of  the  press. 
The  prass  is  run  continually,  discharging  the  briquettes  into  a  per- 
forated pan  conveyor,  which  conveys  them  to  the  briquette  bin. 
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While  in  this  conveyor  the  briquettes  are  subjected  to  a  heavy  spray 
of  water  in  order  to  cool  and  clean  them. 

The  coal-tar  pitch  used  in  this  plant  is  of  the  ordinary  roofing 
hardness.  It  is  delivered  by  lighter  on  the  adjacent  dock  and  carted 
to  the  pitch-melting  house,  where  it  is  melted  in  a  tank,  6  feet  wide, 
12  feet  long,  and  8  feet  deep.  This  tank  will  hold  about  22  tons  of 
pitch,  which  requires  approximately  twenty  hours  to  melt.  After 
the  pitch  is  melted  and  brought  up  to  the  proper  temperature  for 
use,  it  is  drawn  off  by  means  of  a  large  pitch  pump  into  the  '*  pre- 
pared-pitch tank, ''.from  which  it  is  pumped  into  the  mixers. 

This  plant  requires  about  125  horsepower  to  turn  out  10  tons  per 
hour.  It  has  been  in  operation  about  two  months  and  is  said  to  be 
giving  excellent  results.  The  product  is  used  almost  entirely  for 
domestic  purposes  and  commands  the  same  price  as  the  best  grade  of 
prepared  anthracite  coal  in  the  New  York  market.  A  large  portion 
of  the  output  is  put  up  in  paper  bags  and  handled  by  grocers  and 
small  coal  dealers  the  same  as  charcoal  or  crushed  coke.  The  bag 
trade  caters  to  the  poor  people  who  do  not  buy  in  large  quantities  and 
is  a  considerably  cleaner  method  of  distributing  the  product  than  that 
formerly  used. 

The  briquettes  are  handled  in  the  same  way  as  ordinary  coal,  and 
experience  in  this  and  other  plants  has  shown  that  abrasion  or  break- 
age averages  about  3  per  cent,  which  is  slightly  less  than  that  with 
ordinary  prepared  coal. 

PENNSYLVANIA. 

It  might  be  supposed  that  the  briquetting  industry  would  have  its 
greatest  development  in  or  near  the  anthracite  region  of  Pennsylvania, 
where  a  plentiful  supply  of  raw  material  is  available  in  the  great  culm 
banks  created  through  many  years  of  mining  and  in  the  still  large 
amount  of  fine  coal  produced  at  the  breakers  for  which  no  profitable 
market  has  yet  been  found.  Up  to  the  present  time,  however,  there 
are  but  two  briquetting  plants  in  operation  in  the  State,  and  one  of 
these  is  located  at  Point  Breeze,  in  the  city  of  Philadelphia.  The 
other  is  located  at  Dickson,  a  few  miles  from  Scranton.  Both  were 
put  into  operation  in  1906.  The  plant  at  Dickson  is  in  the  immediate 
vicinity  of  the  mine  of  that  name  operated  by  the  Delaware,  Lacka- 
wanna and  Western  Railroad,  and  uses  the  fine  coal  or  screenings, 
below  marketable  sizes,  that  come  from  the  washery  operated  in 
connection  with  the  mine.  The  owner  of  this  plant,  the  Scranton 
Anthracite  Briquette  Company,  withholds  information  relative  to  the 
details  of  its  operations.  The  writer  has  been  told,  however,  by  one 
of  the  officials  of  the  company,  that  the  base  of  the  binding  material 
used  is  coal-tar  pitch,  and  that  the  plant  is  producing  at  present 
(April,  1907)  from  300  to  325  long  tons  of  briquettes  per  day.     It  is 
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the  intention  to  double  this  output  by  running  the  plant  night  and 
day.  The  briquettes  are  of  the  oval  or  eggette  shape,  the  press  being 
of  the  Belgian  type  and  similar  to  the  American  machine  used  at  the 
testing  plant  of  the  United  States  Geological  Survey  at  St.  Louis 
during  the  exposition  period."  The  entire  product  is  taken  by  the 
Delaware,  Lackawanna  and  Western  Railroad,  for  use  principally  on 
its  locomotives. 

The  plant  at  Point  Breeze  is  owned  and  operated  by  the  United  Gas 
Improvement  Company,  and  was  constnicted  for  the  purpose  of 
utiUzing  the  coke  breeze  produced  at  the  gas  houses  of  the  company. 
As  at  the  Dickson  plant,  the  product  is  not  placed  on  the  market,  but 
is  used  by  the  company  in  its  retorts  for  the  manufacture  of  water  gas. 
The  writer  is  indebted  to  W.  IL  Gartley,  engineer  of  works,  of  the 
United  Gas  Improvement  Company,  for  the  following  detailed 
description  of  the  plant. 

It  has  been  found  advantageous  to  use  a  mixture  of  anthracite  culm 
and  coke  breeze,  with  5  to  7  per  c^nt  of  coal-tar  pitch  as  a  binder. 
The  proportions  of  culm  and  coke  used  are  variable,  accordipg  to  the 
quantity  of  material  on  hand.  At  the  time  the  writer  visited  the 
plant  (November,  1906)  three  parts  of  culm  to  two  parts  of  coke  were 
being  used.  The  press  is  of  the  Belgian  type,  producing  eggett^.s 
about  the  size  of  a  goose  egg.  The  rated  capacity  of  the  plant  is  10 
tons  of  eggettes  per  hour.  It  has  been  in  operation  regularly,  pro- 
ducing 90  tons  per  nine-hour  day,  except  when  it  has  been  shut  down 
for  repairs  and  changes. 

The  breeze  or  screenings  from  the  coke  screen  fall  into  a  pocket  or 
hopper,  into  which  is  also  diunped  the  culm.  The  contents  are 
raised  by  an  elevator  into  a  storage  tank,  discharging  through  the 
fuimel-shaped  bottom  onto  an  automatic  feed  table,  by  which  a 
measured  stream  of  the  material  is  continuously  poured,  part  into 
the  crusher  and  part  directly  into  the  hopper  below  the  crusher.  The 
material  is  then  elevated  and  discharged  into  the  drier.  The  dried 
material,  together  with  the  dust  from  the  dust  chamber  of  the  drier, 
is  elevated  and  discharged  through  a  shaking  screen  into  a  storage 
tank  located  above  the  mixer.  All  material  not  fine  enough  to  pass 
through  the  screen  is  returned  to  the  crusher.  The  dried  material  is 
discharged  through  the  funnel-shaped  bottom  onto  an  automatic 
feed  table,  by  which  a  measured  stream  is  continuously  poured  into 
the  mixer.  Into  the  feed  end  of  the  mixer  is  also  poured  a  contin- 
uous stream  of  liquid  pitch  through  a  positive  measuring  faucet  driven 
from  the  driving  mechanism  of  the  mixer  through  a  variable  speed 
(l(»vice.  The  pitch  is  brought  into  the  building  as  broken  from  the 
])it('h  bays  of  the  tar  distillerA^  fed  into  a  pitch  cracker,  elevated  and 

"  Bull.  II.  S.  Owl.  Siirvoy  No.  2«»1.  and  Prof.  I*apor  No.  48,  19Wi. 
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diiicharge^l  into  liirge  steam-heated  pitch  storage  tanks,  where  it  is 
melted.  From  these  tanks  the  melted  pitch  is  drawn,  as  required^ 
int^>  a  smaller  steam-heated  tank,  to  which  the  faucet  previously 
mentioneil   is  attacheil. 

The  warm,  dry,  and  continuously  measured  crushed  breeze  and 
culm,  together  with  the  melted  and  continuously  measured  pitch, 
are  thoroughly  mixed  and  kneaded  in  the^  steam-jacketed  mixer. 
The  mixed  mass  is  discharged  from  the  mixer,  divided  into  two 
streams,  and  carried  by  two  mixing  conveyors,  allowing  time  for  cool- 
ing and  setting,  into  the  feed  pans  of  the  two  presses,  purchased  in 
France.  The  presses  form  the  eggettes  and  discharge  them  onto 
the  shaking  screens  below,  which  screen  out  the  waste  and  fines. 
They  are  then  discharged  onto  a  woven-wire  belt  conveyor,  on  which 
they  have  time  to  cool  and  set,  and  conveyed  either  to  the  cars  or  to 
the  hfippers  from  which  the  buggies  for  the  generator  house  are  filled. 

Tlie  waste  and  fines  from  the  shaking  screens  imder  the  presses  are 
conveyed  by  conveyors  to  a  hopper  at  the  discharge  of  the  drier. 

Scnwjnings  from  the  eggettes  taken  from  the  storage  piles  are 
returned  by  an  elevator  to  the  discharge  of  the  mixer  and  assist  in  the 
cooling  of  the  heated  mixture. 

CALIFORNIA. 

The  manufacture  of  briquettes  has  shown  more  actual  progress  in 
California  than  in  any  other  State  of  the  Union.  This  has  been 
brought  al)out  through  efforts  to  improve  the  fuel  quality  of  the 
rather  low-grade  California  8ubl)ituminous  coals,  and  has  been 
encouraged  by  the  high  prices  of  the  better  grades  of  bituminous  coal 
or  anthracite  brought  into  the  State  from  Washington,  the  Rocky 
Mountains,  and  the  Eastern  States,  or  imported  from  British  Colum- 
bia, Kngland,  Australia,  and  Japan.  It  has  also  been  encouraged 
by  the  al)undanco  of  cheap  asphaltic  pitch,  which  can  be  obtained 
from  California  petroleum  and  which  not  only  serves  excellently  as  a 
binder,  but  adds  to  the  calorific  value  of  the  briquetted  fuel. 

The  first  plant  to  be  put  into  successful  operation  in  California  was 
one  built  at  Stockton  by  the  San  Francisco  and  San  Joaquin  Coal 
Company.  The  plant  was  completed  in  1901,  and  when  running  at 
full  capacity  could  produce  125  tons  of  briquettes  per  day.  The  fuel 
used  was  subbituniinous  coal  from  the  Tesla  mine,  in  Alameda 
(\>unty.  The  plant  was,  unfortunately,  destroyed  by  fire  in  1905 
and  has  not  been  rebuilt.  It  is  stated  that  the  plans  of  the  company 
were  to  rebuild  the  plant  at  San  Francisco,  but  these  were  upset  by 
the  eartlujuake  and  fire  which  destroyed  a  large  part  of  that  city  in 
April,  1006.  A  complete  description  of  the  Stockton  plant,  by  the 
designer  of  the  presses,  Robert  Schorr,  of  San  Francisco,  was  pub- 
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lished  in  the  Engineering  and  Mining  Journal  August  18,  1904.  The 
briquettes  produced  at  this  plant  were  round,  convex  lenses  or 
^^boulets,'^  which  weighed  from  6  to  8  ounces. 

The  Western  Fuel  Company,  of  Oakland,  completed  eariy  in  1905 
a  briquetting  plant,  also  designed  by  Mr.  Schorr.^  In  mechanical 
construction  this  plant  differs  materially  from  the  one  destroyed  by 
fire  at  Stockton.  The  shape  of  the  briquettes  is  cubical  instead  of 
'^boulet.".  The  advantage  claimed  for  the  cubical  shape  is  that  the 
bri(|uettes  ignite  more  readily,  though  it  is  admitted  that  there  is 
more  waste  in  handling. 

The  capacity  of  this  plant  is  480  briquettes  per  minute,  or  8i  tons 
per  hour.  The  fuel  used  is  coal-yard  screenings  from  lignites,  anthra- 
cite, and  subbituminous  coals,  with  about  7i  per  cent  of  asphaltic 
pitch.  This  pitch  is  obtained  by  the  distillation  of  California  crude 
petroleum.  The  temperature  of  the  still  for  the  production  of  pitch 
of  the  proper  grade  is  about  600°  F.  Some  difficulty  has  been  expe- 
rienced in  obtaining  suitable  pitch  on  accoimt  of  the  tendency  of  the 
refineries  to  '^rush  the  stills,''  their  aim  being  the  production  of 
refined  oils  rather  than  pitch.  An  excellent  asphaltic  pitch  is  obtained 
by  keeping  the  stills  at  a  temperature  of  500°  F.  and  using  a  vacuum 
to  force  the  distillation.  Grade  ^'D,''  the  quality  best  adapted  for 
the  purpose,  is  fairly  hard  up  to  60°  F.,  but  begins  to  soften  above 
that  temperature.  It  becomes  liquid  at  250°  F.,  and  has  a  specific 
gravity  of  1.05  to  1.1. 

Before  the  earthquake  the  Western  Fuel  Company  paid  SI 0.50  per 
ton  for  the  ordinary  pitch  *'D''  delivered  at  its  plant,  and  a  properly 
and  carefully  prepared  pitch  was  worth  from  SI 2  to  SI 3.  Owing  to 
the  enormous  building  activity  in  San  Francisco  since  the  earthquake 
the  demand  for  asphaltum  for  roofing  materials  has  increased  by  leaps 
and  bounds.  Consequently  there  is  a  great  scarcity  and  the  price 
per  ton  ranges  now  from  S14  to  S20.  This  scarcity  necessitated  many 
shut  downs  of  the  plant  at  Oakland,  and  for  that  reason  the  company 
is  negotiating  for  the  importation  of  coal-tar  pitch  from  the  East  and 
from  Europe.  As  three  new  refineries  are  contemplated,  conditions 
may  gradually  return  to  their  normal  state. 

All  of  the  coal  purchased  and  used  by  the  Western  Fuel  Company 
is  brought  in  ships  and  is  unloaded  by  electric  hoists  into  receiving 
bins.  When  drawn  from  the  storage  bins  it  is  screened,  all  material 
that  passes  through  the  perforations  dropping  into  auxiliary  bins 
from  which  it  is  fed  into  a  Williams  crusher.  The  disintegrated  coal 
from  the  crusher  is  elevated  into  the  iron  hopper  of  an  automatic 
feeder  that  feeds  into  the  coal  heater.  The  heated  coal  enters  the 
mixer,  where  it  meets  the  binder.  The  mixer,  the  binder  distribution, 
and  the  tempering  of  the  mixture  embody  some  novel  features. 

oSee  Eng.  and  Min.  Jour.,  September  2,  1905. 
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Tti^  f/f^purM  itiMterud  L«  conveyed  into  the  feed  hopper  of  a  Schorr 
prt^*A,  iityle  "A."  which  !.•  Ijclted  for  6  revolution*  per  minute.  At 
thftt  «;fi«:^l  IV;  hri^iuette^  of  91  ounces  in  wdight  are  dischitfged  per 
miuuifr,  or  more  th&n  17/j^j^i  p^^unds  per  hour.  The  briquettes  are 
r^:*.tLrtipAHr  in  •tuifje.  with  rr>unded  comers,  and  uniform  in  sue.  2} 
hv  2i  \tv  li  incties.  and  are  branded  with  a  **W."  Thev  hare  a 
•i(¥-cific  jrra  vity  i>f  1/22. 

All  w#'aririg  jmrt't  of  the  press  are  lined  with  phosphor  bronze,  and 
An*  thoroij^hly  lubricated  under  an  air  pressure  of  40  pounds  to  the 
)9/|ijarc  inch.  Oil  Ls  also  atomized  and  sprayed  into  the  molds  and 
U]HfU  till;  plungeni. 

T\n*  brir|ijett^H  drop  upon  a  short  conveyer  that  delivers  them  to 
another  one  Uxrated  outside  the  building.  At  this  point  they  are 
MU'kif^l  for  the  hical  market  or  taken  to  the  top  of  the  storage  bunkers, 
where  they  are  di-s^rharge^l  into  cars  or  distributed  into  the  bunker 
c^mipartnients.  Tlie  average  output  Ls  64  long  tons  per  shift  of  eight 
hourH,  Four  men  are  employed,  one  of  them  getting  $4,  one  $2,  one 
$3,  and  one  $2.75  f)er  day,  which  makes  about  20  cents  per  ton  of 
brir|uetteH.  hy  running  twenty-four  hours  a  day  over  200  tons  could 
be  rnafle,  which  would  re^luce  the  labor  item  to  about  14^  cents  per 
ion.  TliiH  can  be  further  cut  down  by  speeding  the  press  up  to  7 
revolijtiofiH  f)er  minute.  This  would  produce  560  briquettes  per 
minute,  or  20,000  pounds  of  9i-<>unce  briquettes  per  hour.  With  a 
foH'^d  feed  attachment  a  further  increase  in  speed  may  be  possible. 

Since  the  foregoing  was  written  wages  liave  l)een  increased  consid- 
enibly,  most  of  the  men  getting  $3.50  per  shift,  working  throu^  the 
luncli  liour. 

The  prewnt  pressure  arrangement  was  tested  up  to  48,000  pounds, 
ex<Tted  on  two  2 J  by  2 J  incli  surfaces,  making  over  3,700  pounds 
|MT  HCjuare  inch.  The  adjustment  is  placed  to  give  about  2,900 
pounds,  which  is  ample  and  makes  a  ])etter  burning  briquette  than 
wlicn  a  greater  pressure  is  us(»(l.  The  press  is  figured  for  a  maximum 
pressure  of  (),()()()  {M)unds. 

Tlie  following  description  of  the  l)riquetting  press  is  taken  in  the 
nuiin  from  an  article  hy  Mr.  Schorr:  " 

Two  sol(»pIates  with  heavy  bearings  are  arranged  to  carry  a  star- 
iioiuiry  steel  shaft,  on  which  a  large  spur  wheel  is  revolving,  driven 
by  means  of  g(Miring,  countershaft,  and  friction-clutch  pulley.  The 
spur-wheel  rim  is  nuwle  integral  with  a  mold  ring,  which  has  a  series 
of  holes  and  sliding  plung(»rs  (pistons)  therein.  The  pistons  are  under 
the  continuous  control  of  cams,  which  are  supi)orted  by  heavy  shields. 
The  pistons  are  released  from  the  cam  way  (mly  when  the  final  pres- 
sure is  applied,  and  this  is  d(me  by  a  large  wheel  with  steel  tire,  pivoted 
in  two  l(»v(»rs.     This  wheel  is  press(»d  against  the  piston  heads  by 
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means  of  an  adjustable  spring  which  permits  a  perfect  regulation  of 
pressure  up  to  4,000  poimds  per  square  inch.  After  leaving  the  pres- 
sure wheel — that  is,  after  the  briquette  is  made — the  plungers  are 
gradually  forced  forward  to  eject  the  briquettes,  which  drop  upon  a 
vibrating  discharge  chute.  The  pistons  are  then  gradually  with- 
drawn and  in  passing  the  feed  box  the  cavities  become  filled  with 
the  mixture  of  coal  and  pitch.  At  the  end  of  this  feed  box  all  surplus 
material  is  scraped  off  by  a  steel  plate.  After  passing  the  scraper 
plate  the  pistons  are  gradually  forced  in,  pressing  the  material  against 
the  resistance  block,  which  is  supported  by  the  main  shaft.  This 
pressure  is  eflfected  by  a  cast-iron  stand  wth  phosphor-bronze  liner. 
When  the  pistons  are  about  half  an  inch  from  their  terminal  they 
strike  against  the  rocking  pressure  wheel  and  are  forced  home.  In 
this  way  the  briquettes  are  made  and  the  play  repeats  itself  with 
every  revolution. 

The  machine  is  entirely  self-contained,  and  it  is  claimed  that  there 
is  no  possibility  of  its  getting  wrecked  by  overfeed  or  obstniction.  It 
is  also  claimed  that  as  the  pressure  is  applied  slowly  and  gradually 
this  type  of  press  permits  briquetting  mixtures  containing  13  to  14 
per  cent  of  moisture,  and  that  this  is  an  advantage  not  possessed  by 
intermittently  acting  presses.  Up  to  the  present  time  two  styles  have 
been  made — one  with  two  rows  of  2-inch  cylindrical  molds  and  the 
other  with  two  rows  of  2^  by  2  J  inch  rectangular  shapes  with  rounded 
comers.  There  is  no  difficulty  in  making  other  shapes  and  heavier 
briciuettes.  A  simple  arrangement  permits  working  with  half  the 
capacity  whenever  desired.  No  complications  are  presented  if  it  is 
desired  to  have  more  than  two  rows  of  molds,  and  the  press  can  be 
built  for  a  much  larger  capacity.  On  the  other  hand,  should  the 
market  for  briquettes  be  lessened  for  some  months  in  the  year,  the 
capacity  can  be  cut  down  without  requiring  any  change  in  speed  or 
other  alterations. 

From  80  to  120  briquettes  are  made  for  each  revolution,  the  num- 
ber depending  on  the  size  and  shape  of  the  briquettes.  These  factors 
govern  also  the  capacity,  which  ranges  from  6  to  24J  tons  per  hour. 

Mr.  Schorr  stat^^s  that  all  wearing  parts  of  the  machine  can  be 
quickly  and  cheaply  replaced.  The  lubricating  is  done  by  an  air 
compressor  and  oil  atomizer. 

The  press  is  especially  adapted  for  the  manufacture  of  small  bri- 
quettes, and  the  advantages  of  such  in  preference  to  large  blocks  are 
obvious.  Small  briquettes  can  be  readily  shoveled  into  furnaces, 
whereas  the  large  ones  have  first  to  be  broken  up,  thus  causing  labor, 
waste,  and  dust. 

A  bri(iuetting  plant  of  an  entirely  different  type,  designed  by 
Charles  R.  Allen,  was  built  and  put  into  operation  by  liim  during 
1905  at  Pittsburg,  at  the  junction  of  San  Joaquin  and  Sacramento 
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rivers.  about  50  niiles  fTv>m  San  Franci^o.  This  plant  as  originallT 
projected  was  intended  to  utilize  the  subbituminous  coal  produced 
by  the  Pittsburg  Coal  Mining  Company  at  Someisville,  but  the 
enormous  increase  in  the  production  of  oil  in  California  has  had  so 
demoralizing  an  etTect  on  the  coal  trade  generaUy  that  there  has  been 
little  or  no  market  for  the  coal  during  the  last  two  years  and  the 
mines  have  been  shut  down.  The  material  used  has  been  screenings 
obtained  from  the  coal  vards  of  San  Francisco,  the  binder  here,  as  at 
other  plants  in  the  State,  being  asphaltic  pitch.  The  screenings  are 
sold  at  less  than  the  cost  of  mining  coal,  and  as  long  as  the  supply  of 
this  material  is  available  at  such  prices  it  will  continue  to  be  used. 

The  meth«.Hls  of  preparing  the  briquetting  mixture  differ  somewhat 
frv^m  those  used  at  other  plants,  in  that  the  binder,  together  with  the 
fuel,  is  passed  through  the  ivtorts  imder  a  high  degree  of  heat.  This 
it  is  claimed  insures  an  intimate  and  thoi\>ugh  mixture,  each  particle 
of  niel  l^ing  impregnated  with  the  binder.  This  treatment  it  is 
asserted  prevents  the  binder  frvm  being  consumed  before  the  coal  is 
ignited,  which  is  apt  to  W  the  case,  particidarly  with  subbituminous 
c<:*al.  if  the  mixing  is  meivly  superficial.  Mr.  Allen  claims  that  in  his 
prv^ess  the  nature  of  the  fuel  is  changed  so  that  the  subbituminous 
coal  partakes  of  the  character  of  bituminous  coal,  the  briquettes 
rvniaining  tirm  and  hard  imtil  entirely  consumed.  He  claims  dso 
that  the  pnvess  |x>ssessos  as  much  of  novelty  and  value  as  the  press. 

T!'ie  otMxipressin^  machine  consists  i>f  two  nonconcentric  rings  hori- 
Zi.iCtaily  pl.-iiVti  one  within  the  other,  the  periphery  of  the  smaller  one 
Ivin^  vrriii^ite^l,  or  soalK^ped.  and  engaging  with  similar  comiga- 
ii^*ns  in  the  insiJ.e  of  the  larvrer  ring.  The  briquetting  mixture  is  fed 
i.^:.'  a  h^'Pjxr  ^^ne-foiuih  of  a  rvvolution  of  the  smaller  ring  from  the 
i^'i:::  ■•:  cir.pn-ssion.  anil  the  amoimt  of  pressure  is  n«:ulated  by  the 
•  ;:>:ariiV  "f  the  feevi  tn»m  the  p*»int  of  compression:  that  is  to  say,  the 
ii.'pivr  may  iv  piao^Mt  fanher  away  if  a  greater  prnssure  is  desired, 
^T  neart^r  if  :he  pn:ss-.irv  is  to  be  reviu^^ed.  Relief  from  an  excess  of 
pr\-ssi:rv-  is  pr».»vi.:fvi  f.^r  by  two  {leavy  spiral  springs  on  the  outer  bear- 
ir.^  a:.  :  !w..  ..ver  :he  iipjvr  prvssiirt^  plate,  the  lower  pressure  plate 
Ui:u  iixfii.  The  :::ao'::ine  has  been  operatevl  without  using  any  of 
thf  spriro^.  with  thr  rv-s-.;!:  :ha:  when  iherv  was  a  suipliis  of  feed  the 
^.tv r:i:i:^:  tvit  w^s  thr^-wy.  .•::  ti:r»^i;^h  the  ohoking  irf  the  machine. 

Mr.  .Vl-t::  s  iiive::::.  r.  is  I'tiite.:  States  patent  No.  SolOOT.  The 
:»ri  :-.:vt:<  s  ss  ::.\v  ::.a  -e  .*irt  app^*xi:::ately  oylLn^irical  in  shape,  with 
t:st  rt:  is.  Thrv  wviji.  :r:::  S  t  ■  I"  -uiices  each  and  haTe  a  specific 
iT.-^vi:;.  :.:4.  It  is  >[r.  Alit^r.'s  ir.tottti'ti  to  reduce  the  siae  of  the 
': •  r.  : -. : : '  ^. v. :  ': . .s r.^  i t s  s r . a :v  '^v  : . s v i -/.^  t : .o  s:::aller  ring  of  the  press 
'A\::.    ::      — -i^:^::  ">.     T:  is  wii;  '-r-    i-rio  in  order  to  meet  the 
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The  plant  is  at  present  turning  out  about  5  tons  of  briquettes  per 
hour,  at  a  moderate  running  speed.  With  a  smaller  briquette  the 
production  per  hour  would  be  decreased  with  the  same  speed,  but  by 
increasing  the  speed  the  same  production  could  be  maintained. 

The  Standard  Coal  Briquetting  Company,  of  Oakland,  constructed 
in  1905  a  plant  designed  by  a  Mr.  Crawford.  An  accident  to  the  press 
shortly  after  being  put  in  operation  practically  wrecked  it  and  the 
enterprise  was  unsuccessful. 

Another  plant,  beginning  operations  in  1905,  used  a  small  press  of 
the  plunger  type,  designed  by  A.  Demetrak  and  built  by  the  American 
Briquetting  Company  (afterwards  reorganized  as  the  Ajax  Briquet- 
ting  Company),  of  San  Francisco.  It  was  destroyed  by  the  earth- 
quake and  fire  of  April,  1906,  and  has  not  been  rebuilt.  The  plant 
had  a  capacity  of  about  15  tons  a  day,  using  subbituminous  coal  from 
Coos  Bay,  Oregon,  sometimes  mixed  with  coal-yard  screenings  and 
asphaltic  pitch. 

The  United  States  Briquette  Company,  of  Stege,  Contra  Costa 
County,  has  undertaken  the  manufacture  of  briquettes  from  a  mixr 
ture  of  peat  and  California  crude  petroleum.  This  plant  had  not  been 
completed  at  the  time  of  writing  this  report,  but  some  briquettes  made 
of  the  mixture  in  an  experimental  way  are  interesting  productions. 
They  give  promise  of  a  method  of  using  California  oil  as  a  domestic 
fuel,  the  peat  on  account  of  its  spongy  character  acting  as  a  carrying 
vehicle  for  the  oil  and  at  the  same  time  performing  duty  as  fuel.  The 
bricjuettes  are  cubical  in  shape  and  of  attractive  appearance.  They 
weigh  about  10  ounces  and  have  a  specific  gravity  of  1 .3.  It  is  claimed 
that  they  are  as  well  adapted  for  steam  raising  as  for  domestic  purposes, 
giving  an  intense  heat  under  forced  draft  and  burning  freely  under 
ordinary  draft ;  that  they  can  be  handled  without  waste  from  break- 
age, and  that  they  leave  a  minimum  amount  of  ash  and  do  not  clinker. 

ARIZONA. 

The  Arizona  Copper  Company  (Limited),  of  Clifton,  Ariz.,  installed 
during  1905  a  briquetting  plant  purchased  from  Yeadon,  Son  &  Co., 
of  Leeds,  England.  The  plant  was  put  into  operation  in  September, 
1905,  and  produced  during  the  first  six  months  of  1906,  690  short 
tons  of  briquettes  having  a  total  value  of  $4,830,  or  an  average  of  $7 
per  ton.  About  300  tons  were  produced  in  experimental  runs  in 
1905.  The  plant  was  installed  for  the  threefold  purpose  of  utihzing 
coke  breeze,  which  is  without  value  and  nonusable  as  such,  of  pro- 
curing better  efficiency  from  the  slack  coal  (Gallup,  N.  Mex.)  which 
is  used  as  fuel,  and  of  obtaining  a  fuel  that  could  be  stored  without 
material  deterioration  and  without  danger  of  spontaneous  ignition. 
James  Colquhoun,  president  of  the  company,  states  that  the  eco- 
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nomic  advantages  realized  are  from  the  first  and  third  operations. 
By  briquetting  the  coke  fines  or  breeze  a  profit  of  about  $4  per  ton  is 
made  in  the  conversion  of  a  material  formerly  wasted  into  a  usable 
fuel.  In  using  the  Gallup  slack,  which  is  subbituminous  coal  (''black 
lignite"),  the  expense  of  briquetting  brings  the  total  cost  up  to 
approximately  $6.80  per  ton,  or  about  the  same  as  that  of  the  lump 
coal  obtained  from  the  same  source,  although  the  price  for  the  slack 
at  the  mines  is  very  low  compared  with  that  of  lump  coal.  The 
briquettes  have  been  found  to  bum  freely  and  satisfactorily  under 
locomotive  and  stationary  boilers,  and  appear  to  be  equal  to  the  best  ' 
of  Gallup  lump  coal,  but  no  laboratory  tests  as  to  their  calonfic 
power  have  been  made.  The  real  profit  in  the  briquetting  of  this 
coal  lies  in  the  superiority  of  the  briquettes  over  lump  coal  for  stack- 
ing purposes.  They  stand  weathering  perfectly,  while  the  lump 
coal  disintegrates  on  exposure,  loses  a  portion  of  its  combustible 
gases,  and  becomes  in  time  a  very  inferior  fuel.  It  is  also  liable  to 
spontaneous  combustion,  which  the  briquettes  are  not. 
•  In  making  the  briquettes  92  per  cent  of  the  coal  is  mixed  with  8 
per  cent  of  California  asphaltic  pitch.  The  capacity  of  the  plant 
is  2i  tons  of  briquettes  per  hour. 

The  following  description  of  the  plant  at  Clifton  has  been  furnished 
by  the  company.  In  design  the  press  is  similar  to  the  one  used  by 
the  Geological  Survey  fuel-testing  plant  at  St.  Louis.  This  was  des- 
ignated the  "English'^  machine,  and  has  been  described  in  the 
reports  of  those  tests.** 

The  coal  or  coke  fines  are  fed  from  the  bins  into  the  boot  of  a 
bucket  elevator,  which  discharges  them  into  the  hopper  at  one  end 
of  a  mixer,  where  it  is  mixed  with  pitch  that  has  previously  been 
broken  in  a  pitch  breaker  into  pieces  of  one-half  inch  maximum  size. 
The  quantity  of  pitch  found  to  give  the  best  results  is  about  8  per  cent. 
From  the  mixer  the  material  is  sent  into  a  disintegrator,  wliich  thor- 
oughly pulverizes  the  coal  and  pitch  into  grains  of  2  mm.  size  or  less. 
It  is  then  elevated  and  passed  into  a  heater,  where  it  is  subjected  to 
the  action  of  live  steam,  which  gives  the  pitch  sufficient  fluidity  to 
bind  the  other  ingredients.  From  the  heater  the  material  drops  into 
a  pug  mill,  which,  while  stirring  the  mass,  sweeps  it  into  a  false  bot- 
tom. This  false  bottom  is  behind  the  disk  of  the  briquetting  machine, 
and  at  each  revolution  of  the  main  shaft  the  material  is  rammed  into 
a  pair  of  compartments  in  the  disk.  The  disk  contains  eight  pairs  of 
such  compartments,  and  at  the  same  time  that  a  pair  of  briquettes 
is  being  rammed  into  the  disk  on  one  side  another  pair  is  being  com- 
pressed on  the  opposite  side,  while  a  third  pair  is  being  pushed  out 
from  the  top  of  the  disk  onto  an  endless-belt  conveyor,  which  delivers 
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the  briquettes  to  the  side  of  a  railroad  car  in  front  of  the  building. 
The  briquette  disk  is  made  to  revolve  intermittently  in  eight  periods 
to  each  complete  revolution.  During  the  pause  in  each  period  the 
three  operations  referred  to  take  place  simultaneously. 

The  capacity  of  the  plant  is  25  tons  per  ten  hours.  It  is  arranged 
to  mix  three  ingredients  into  material  for  briquettes,  but  at  present 
only  coal  or  coke  fines  and  pitch  are  used.  The  briquettes  are  rec- 
tangular in  shape  and  weigh  approximately  4  pounds  each. 

MICHIGAN. 

The  Semet-Solvay  Company,  of  Syracuse,  N.  Y.,  has  recently  com- 
pleted the  construction  of  a  briquetting  plant  at  Del  Ray,  Mich.,  to 
be  operated  in  connection  with  the  by-product  coking  ovens  and 
chemical  works  installed  there  several  years  ago  by  the  same  com- 
pany. The  installation  of  the  briquetting  plant  was  begun  about 
two  and  a  half  years  ago.  As  originally  constructed  the  briquetting 
macliine  was  a  reciprocating  press  of  English  make,  but  after  care- 
fully working  out  the  process  the  company  came  to  the  conclusion 
that  a  press  of  the  reciprocating  type  is  adapted  only  to  large  bri- 
quettes, whereas  the  domestic  trade  of  the  city  of  Detroit,  for  which 
tliis  product  was  intended,  demands  a  small  briquette.  As  the  result 
of  the  experience  gained  with  the  English  machine,  the  company 
has  developed  a  process  for  the  manufacture  of  small  briquettes,  and, 
although  this  plant  is  just  beginning  operations,  it  gives  excellent 
promise. 

The  process  consists,  essentially,  of  the  intimate  mixing  of  finely 
powdered  pitch  of  proper  quality  and  consistency  with  pulverized 
coal,  so  that  theoretically  each  particle  of  coal  is  coated  with  the 
fine  pitch.  The  mixture  is  then  brought  up  to  the  proper  tem- 
perature with  steam,  or  steam  and  hot  water,  and  is  fed  to  a  rotary 
Mashek  press  built  by  the  Traylor  Engineering  Company,  of  New 
York.  The  output  of  the  plant  is  from  10  to  15  tons  of  briquettes 
per  hour.  They  are  from  2i  to  3  ounces  in  weight,  and  about  If 
inches  square,  shaped  somewhat  like  a  miniature  sofa  pillow.  This 
shape  is  satisfactory  for  shoveling  and  for  handUng  in  household 
stoves  and  furnaces.  The  company  is  using  a  portion  of  coke  breeze 
with  the  coal  and  pitch  with  a  view  of  utilizing  the  breeze  from  its 
coke  plant,  and  it  is  abo  experimenting  on  the  best  mixtures  and  the 
best  grades  of  coal.  The  briquettes  made  so  far  are  said  to  bum 
well  and  to  give  no  smoke,  except  a  slight  puff  when  they  are  first 
thrown  on  the  fire.  As  the  plant  is  not  yet  in  full  operation,  some 
minor  adjustments  are  still  being  made  to  perfect  the  product,  but 
the  operators  are  much  encouraged  by  results  so  far  obtained,  and 
expect  within  a  short  time  to  be  making  a  thoroughly  satisfactory 
commercial  product. 

9411— Bull.  316—07 31 
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NORTH  DAKOTA. 

During  1905  ex-United  States  Senator  W.  D.  Washburn,  presi- 
dent of  the  Washburn  Lignite  Coal  Company,  erected  a  small  plant 
at  Minneapolis,  Minn.,  for  experimental  work  in  briquetting  North 
Dakota  lignite.  The  plant  was  too  small  to  be  operated  successfully 
from  a  commercial  standpoint.  Several  hundred  tons  of  briquettes 
were  made  without  the  use  of  a  binder.  They  proved  a  satisfactory 
fuel  for  domestic  purposes  and  for  stationary  boilers,  but  were  not 
adapted  to  locomotive  use,  as  the  heavy  exhaust  draft  in  the  loco- 
motive has  the  effect  of  disintegrating  the  briquette  before  combus- 
tion and  causes  the  throwing  off  of  large  sparks. 

Robert  L.  Stewart,  abo  of  Minneapolis,  who  is  interested  in  lig- 
nite properties  near  Kenmare,  Ward  County,  N.  Dak.,  reports  that 
he  has  been  conducting  a  series  of  experiments  with  a  view  to  bri- 
quetting this  fuel,  and  as  a  result  of  his  investigations  the  American 
Briquetting  and  Manufacturing  Company  has  been  organized.  This 
company  contemplates  constructing,  during  the  present  year,  a  bri- 
quetting plant  in  North  Dakota  convenient  to  the  lignite  deposits 
and  having  a  capacity  of  1,000  tons  of  briquettes  per  day.  Mr. 
Stewart  states  that  the  briquettes  can  be  manufactured  at  a  cost 
not  to  exceed  S2  per  ton  f.  o.  b.,  this  cost  including  the  expense  of 
mining  the  Ugnite  and  delivering  it  to  the  briquetting  plant. 

TEXAS. 

Three  companies  have  been  organized  recently  in  Texas  for  the 
purpose  of  briquetting  lignite,  wliich  occurs  in  great  abundance 
through  the  eastern  part  of  that  State.  These  are  the  International 
Compress  Coal  Company,  of  Houston;  the  American  Lignite  Bri- 
quette Company,  of  San  Antonio;  and  the  Eureka  Briquette  Com- 
pany, of  Rockdale.  The  plant  of  the  Eureka  Company  has  been 
erected  and  is  ready  for  operation  at  the  time  of  writing  this  report, 
except  for  the  fact  that  the  drying  apparatus  has  been  found  too 
small  and  the  plant  has  been  shut  down  pending  the  erection  of  a 
larger  drier.     The  details  of  the  plant  have  not  been  obtained. 

The  American  Lignite  Briquette  Company,  while  incorporated 
at  San  Antonio,  will  locate  its  plant  at  Rockdale,  to  be  operated 
in  connection  with  the  lignite  mines  of  J.  J.  Olsen  &  Son.  The  com- 
pany has  purchased  a  press  made  by  the  Klein  Briquette  Company, 
of  St.  Louis,  Mo.,  and  the  plant  will  probably  be  in  operation  by  the 
time  this  report  is  ready  for  distribution. 

The  International  Compress  Coal  Company  has  been  negotiating 
for  the  construction  of  a  plant,  but  no  actual  building  had  been 
begun  at  the  time  of  writing  this  report.  All  these  plants  expect 
to  use  asphaltic  pitch  made  from  heavy  Texas  oil. 
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FLORIDA. 

In  September,  1905,  the  Orlando  Water  and  Light  Company,  of 
Orlando,  Fla.,  completed  the  installation  of  a  plant  for  the  treat- 
ment and  briquetting  of  peat,  which  occurs  abimdantly  in  the  low- 
lying  lands  of  Florida.  The  plant  is  located  about  3  miles  from 
Orlando,  on  the  border  of  a  peat  bog  from  which  its  supply  is  drawn. 
As  originally  installed,  this  plant  consisted  of  a  macerating  machine 
or  pug  mill,  in  which  the  fiber  of  the  peat  is  entirely  destroyed,  and 
a  brick  press.  The  briquettes  as  they  came  from  the  press  were 
about  the  size  of  an  ordinary  building  brick,  but  when  dried  in  the 
sun  shrunk  to  about  one-fourth  their  former  bulk  and  lost  from  75 
to  85  per  cent  in  weight.  The  briquetting  feature  of  the  plant  was 
abandoned  in  the  summer  of  1906,  as  it  was  found  that  this  part 
of  the  work  represented  75  per  cent  of  the  total  cost,  and  that  a 
satisfactory  fuel  could  be  made  without  briquetting.  The  method 
of  treatment  at  the  present  consists  simply  of  ''machining''  the 
peat  in  the  pug  mill  and  dumping  it  in  masses  of  several  hundred 
tons.  As  the  peat  dries  it  shrinks  and  cracks  into  large,  irregulariy 
rectangular  blocks,  which  are  broken  oflf  from  the  heap  and  stored. 
When  thoroughly  dried,  these  blocks  mal^e  a  good  hard  fuel,  which 
it  is  stated  may  be  used  for  both  locomotive  and  stationary  boilers, 
for  household  purposes,  and  for  the  manufacture  of  gas.  Tests  of 
the  machined  peat  for  producer  gas  at  the  Geological  Survey  fuel- 
testing  plant  gave  excellent  results.** 

The  machine  used  at  the  Orlando  plant  was  built  by  the  Moore 
and  Wyman  Elevator  and  Machine  Works,  South  Boston,  Mass., 
imder  patents  issued  to  the  late  T.  H.  Jjeavitt,  of  Boston. 

MISSOURI. 

During  the  summer  of  1903  Gov.  W.  C.  Renfrow,  of  Oklahoma, 
became  financially  interested  in  a  briquetting  company  in  St.  Louis. 
In  the  fall  of  the  same  year  E.  D.  Mizner,  of  Hamilton,  Ontario, 
visited  St.  Louis  to  make  a  report  for  some  Canadian  interests  rela- 
tive to  the  purchase  of  the  Canadian  rights  for  the  patents  of 
this  company.  The  results  of  these  investigations,  and  the  efforts 
of  Governor  Renfrow  to  force  the  briquette  company  to  deliver  a 
machine,  ended  in  the  bankruptcy  of  the  company.  In  October, 
1903,  an  agreement  was  made  between  Governor  Renfrow  and  Mr. 
Mizner  by  which  Mr.  Mizner  was  to  build  a  briquette  machine  which 
would  overcome  the  difficulties  encountered  with  the  other  press. 
No  company  was  organized  at  that  time,  but  contracts  were  drawn 
satisfactory  to  the  people  interested. 

a  Campbell,  M.  R.,  Peat:  Mineral  Iteaources  U.  S.  for  I'JOo,  L'.  S.  Geol,  Survey,  1906,  p.  1320. 
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The  following  spring  Mr.  Mizner  built  the  first  Renfrow  press, 
which  made  briquettes  2  inches  in  diameter,  weigliing  about  4  ounces. 
This  press  had  some  of  the  essential  features  of  the  original  Ren- 
frow press,  but  made  briquettes  only  at  one  end  of  the  stroke — that 
is,  12  briquettes  per  revolution.  After  this  machine  was  built  it 
was  discovered  that  the  briquettes  were  too  small  and  that  the  con- 
struction of  the  machine  was  too  light.  Mr.  Mizner  also  developed 
the  idea  of  making  briquettes  at  both  ends  of  the  stroke,  thus  dou- 
bling the  capacity  of  the  machine.  It  was  decided  to  build  a  much 
heavier  machine,  making  a  briquette  3  inches  in  diameter.  Changes 
were  also  made  in  the  method  of  mixing  and  heating  the  material. 
The  cast-iron  vertical  heaters  of  the  original  press  were  supplanted 
with  horizontal  jacketed  heaters,  using  ordinary  spiral  conveyor 
flights  for  mixing  and  handling  the  fuel.  To  this  was  added  a  short 
vertical  heater,  acting  as  a  reservoir  into  which  live  steam  was  admit- 
ted just  before  the  mixture  was  delivered  to  the  molds. 

This  machine  was  completed  in  the  fall  of  1905.  C.  T.  Malcolmson, 
of  the  Geological  Survey  testing  plant,*  inspected  this  press  at  the 
shops  of  the  Ramming  Machine  Company,  at  St.  Louis,  and  burned 
some  of  the  briquettes  under  a  boiler  at  that  plant.  Difficulties  were 
developed  from  the  fact  that  the  fuel  remained  too  long  in  the  vertical 
heaters,  and  some  trouble  was  also  experienced  in  getting  the  mate- 
rial from  the  die  filler  to  the  die  proper.  Occasionally  briquett.es 
would  stick  in  the  dies,  resulting  in  a  double  charge,  which  finally 
crippled  the  machine.  Provision  was  then  made  to  overcome  these 
difficulties  and  the  machine  was  rebuilt.  The  new  machine  was  first 
tested  in  March,  1906.  The  heating  capacity  was  increased  so  that 
the  charge  remained  in  the  conveyors  about  fifteen  minutes  before 
reaching  the  dies,  thus  allowing  the  material  to  become  thoroughly 
heated  and  the  melted  pitch  to  mix  with  the  coal.  Brushes  were 
added  to  insure  the  charge  being  carried  to  its  proper  position  in  front 
of  the  die,  and  an  ejector,  operated  by  a  magnet,  effected  the  delivery 
of  the  briquettes  from  the  ends  of  the  plungers.  Many  of  the  parts 
of  the  machine  were  strengthened  and  steel  and  bronze  were  substi- 
tuted for  cast  iron  in  the  wearing  parts.  The  results  of  the  tests  on 
this  machine  made  under  the  supervision  of  Mr.  Malcolmson  for  J.  A. 
Holmes,  expert  in  charge  of  the  Geological  Survey  fuel-testing  plant, 
at  the  company's  testing  plant,  resulted  in  a  contract  for  the  rental 
of  this  machine  by  the  Government.     In  May,  1906,  the  first  success- 

a  The  briq netting  portion  of  the  Cteological  Survey  coal-testing  plant  at  St.  Louis  during  the  exposi- 
tion has  already  been  described  in  Bulls.  Nos.  261  and  290,  and  Prof.  Paper  No.  48.  After  the  close  of  the 
exposition  the  American  machine,  installed  by  the  National  Compressed  Fuel  Company,  of  Chicago, 
was  removed,  and  eariy  in  I'.KXl  the  remaining  portion  of  the  briquettlng  plant  was  destroyed  by  fire. 
In  rebuilding  the  plant  provision  was  made  for  the  installation  of  a  Renfrow  briquette  machine. 
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fully  operating  Renfrew  machine  was  installed  at  the  fuel-testing 
plant. 

The  results  of  the  tests  made  on  the  Renfrow  machine  from  May,  . 
1906,  to  March,  1907,  indicated  that  the  design  of  this  press  was,  in. 
the  main,  satisfactory,  and  that  the  difficulties  experienced  were  due 
almost  entirely  to  bad  or  weak  construction  of  the  machine.  This 
machine  was  the  result  of  many  changes,  and  it  was  impossible  to 
strengthen  some  of  the  weak  parts  owing  to  the  limited  space,  or  to 
the  fact  that  the  size  of  the  part  was  fixed  by  the  original  design. 

The  difficulties  encoimtered  in  operating  this  machine  at  the  fuel- 
testing  plant  soon  indicated  its  weaknesses,  and  as  a  result  the  Ren- 
frow Company  designed  and  built  two  new  presses,  one  of  which  was 
installed  and  is  now  being  operated  by  the  Western  Coalette  Fuel 
Company  at  Kansas  City.  The  other  is  now  ready  for  delivery  to 
the  Government  fuel-testing  plant  at  the  Jamestown  exposition. 
The  new  press  makes  a  briquette  3J  inches  in  diameter,  weighing 
about  a  pound.  The  machine  which  was  operated  at  the  St.  Louis 
fuel-testing  plant  could  not  be  depended  on  to  deliver  more  than  1,000 
pounds  pressure  per  square  inch  on  the  briquettes  without  seriously 
straining  the  frame  of  the  press.  The  new  machine  will  deliver  a 
maximum  pressure  of  about  2,500  poimds  per  square  inch  without 
straining.  All  the  wearing  parts  not  imder  pressure  are  made  of 
bronze,  so  as  to  prevent  corrosion ;  the  dies  are  made  of  case-hardened 
steel  and,  owing  to  the  abrasive  action  of  the  fuel,  are  kept  clean  and 
bright.  The  cams  and  rollers,  which  were  originally  made  of  chilled 
cast  iron,  are  in  the  new  machine  made  of  case-hardened  tool  steel, 
and  the  design  of  the  housing  has  been  so  changed  that  any  of  the 
parts  can  be  removed  without  dismantling  the  machine.  Provision 
has  also  been  made  to  so  feed  the  heaters  that  they  will  always  run 
clean  and  at  the  same  time  keep  a  full  load  in  the  chamber  above  the 
die  filler.  This  chamber,  closed  in  the  old  machine,  is  open  in  the  new, 
thus  allowing  the  operator  to  regulate  the  supply  of  fuel  to  the  press 
at  all  times.  The  plungers  are  arranged  so  as  to  make  it  prac- 
tically impossible  for  a  double  charge  to  enter  the  pre^s,  and  the 
length  of  the  spring  behind  the  plungers  has  been  inci^eased  so  that  a 
double  charge  would  not  affect  the  press  in  any  way. 

Early  in  1906  the  Renfrow  Briquette  Machine  Company  was  incor- 
porated under  the  laws  of  the  State  of  Missouri,  with  a  capital  of 
$1,000,000.  W.  C.  Renfrow  is  president,  J.  M.  Smith,  secretary  and 
treasurer,  and  E.  D.  Mizner  superintendent,  and  it  is  a  close  corpora- 
tion. The  company  will  not  offer  for  sale  any  machines  until  after 
the  Kansas  City  plant  has  proved  successful.  So  far  as  can  be  learned, 
the  construction  of  the  Kansas  City  plant  was  brought  about  by  the 
willingness  of  J.  H,  Durkee,  president  of  the  Western  Coalette  Fuel 
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Company,  to  accept  a  Renfrow  machine  without  a  g^uaranty^  siin}dT 
on  the  strength  of  the  work  done  at  the  fuel-testing  plant.  There 
are  still,  of  course,  some  diflicuhies  to  be  orercome,  as  is  the  case  in  the 
operation  of  any  new  plant,  but  in  the  main  the  mechanical  operations 
of  tliis  plant  are  satisfactory',  and  the  Renfrow  Company  has  been 
able  to  deliver  what  it  contracted  to  deliver.  Financial  difficulties 
have  tlireatened  the  life  of  the  plant  imder  the  present  organization, 
but  Governor  Renfrow  has  stated  that  he  will  not  allow  this  plant  to 
fail  for  this  reason.  A  contract  has  been  signed  to  deliver  one  of  the 
machines  to  a  company  at  Detroit,  but  imder  the  terms  of  the  con- 
tract no  date  is  Hxed  for  the  delivery  of  this  machine,  and  no  guaranty 
fn>m  the  Renfn^w  Company  has  been  required.  Governor  Renfrow 
is  also  authoritv  for  the  statement  that  the  Detroit  machine  will  not 
Iv  delivered  until  after  the  Kansas  City  plant  has  been  successfully 
operated  and  put  on  a  conuuercial  basis. 

The  Reiifn^w  Briquette  Machine  Company  has  no  plant  of  its  own, 
but  has  under  serious  consideration  the  establishment  of  a  factorv  at 
St.  Louis.  All  the  machines  above  mentioned  were  built  by  machine 
shops  under  cv^ntract.  The  Kansas  City  machine  was  built  by  the 
Excelsior  T^h>1  and  Macliine  Company  at  East  St.  Louis,  and  the  other 
machines  by  the  Ramminir  Maciiine  Company,  of  St. 


COST  OF  MANUFACTURE. 


The  t\vit  t>f  manufacture  of  briquettes  at- one  of  the  plants  in  the 
State  .'f  New  York  is  as  f<«Ilo\v>: 
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Miscellaneous: 

Wear  and  tear  per  ton  of  briquettes $0. 10 

Lubricating  oil  per  ton  of  briquettes 01 

Insurance  per  ton  of  briquettes 005 

Interest  on  capital  invested — $40,000  at  6  per  cent 10 

Office    expense,    telephone,    stenographer,    and   stationery — $2,000   per 
annum : 09 


.99 
Anthracite  dust  at  $1.40  per  long  ton,  per  net  ton  of  briquettes 1. 25 

Total  cost  of  briquetting 2. 24 

Rebriquetting  3  per  cent  of  breakage  and  abrasion,  charging  it  back  to  plant  as 
dust,  per  ton  of  briquettes 06 

Net  cost  per  ton  of  briquettes 2. 30 

\^Tiole8ale  selling  price  in  bin 4. 80 

Net  profit  per  short  ton 2. 50 


THE  IMPORTANCE  OF  UNIFORM  AND  SYSTEMATIC 

COAL-MINE  SAMPLING. 


By  John  Shober  BiiRROWiS. 


LNTRODUCTION. 

In  determining  the  value  of  a  coal  deposit  it  is  essential  to  know  two 
things — (1)  the  amount-of  workable  coal  available  and  (2)  the  quality 
of  that  which  is  marketable.  The  first  of  these  has  been  ascertained 
by  well-established  methods  of  surveying  and  prospecting,  but  the 
second  is  not  so  easily  determined,  although  at  first  sight  it  might 
seem  much  more  easy  to  pronounce  on  the  quality  of  the  coal  when 
once  it  is  taken  from  the  mine  than  to  determine  its  amoimt  where  it 
lies.  The  usual  means  of  determining  the  quality  has  been  to  make  a 
chemical  analysis  of  a  small  sample  of  the  coal,  taken  either  from  the 
bed  itself  or  from  a  pile  or  car  of  coal  that  has  been  freshly  mined ;  and 
although  this  seems  to  be  an  exceedingly  simple  matter,  and  great  reli- 
ance has  been  placed  on  it,  previous  to  1904  little  or  no  eflfort  had  been 
made  to  test  its  accuracy,  and  consequently  its  value  was  entirely 
imknown.  Since  that  year,  however,  the  United  States  Geological 
Smv^ey,  in  connection  with  the  fuel  tests  which  it  has  made  at  St.  Louis, 
has  collected  a  large  number  of  most  valuable  data  on  this  important 
subject.  These  data  have  shown  that  sampling  as  ordinarily  done  is 
not  reliable  and  that  in  most  cases  the  chemical  analysis  of  such  a 
sample  shows  a  much  cleaner  coal  than  is  actually  obtained  in  mining. 
Discrepancies  of  this  nature  are  due  largely  to  the  human  tendency  to 
select  the  best  ooal  for  the  sample,  regardless  of  the  amount  of  extrane- 
ous matter  that  will  be  likely  to  get  into  the  commercial  product 
through  careless  mining  and  handling. 

Attention  was  first  called  to  this  matter  by  M.  R.  Campbell,"  who, 
at  the  close  of  the  St.  Louis  exposition,  summed  up  the  results  of  mine 
sampling  as  compared  with  car  sampling  in  the  first  year's  work  of  the 
fuel-testing  plant.  These  results  showed  conclusively  that  a  sample 
obtained  by  the  usual  method  of  mine  sampling  can  not  be  relied  on 
to  represent  the  average  commercial  product  of  the  mine.  From  the 
data  obtained  during  the  first  year  certain  coefficients  were  determined 
for  correcting  mine  samples,  so  that  when  sampling  is  done  in  a 
uniform  and  systematic  manner  the  result  can  be  relied  upon  to  approx- 

o  Prof.  Paper  U.  S.  Oeol.  Survey  No.  48, 1906,  p.  142. 
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imate  the  quality  of  the  commercial  product.  Later''  Campbell 
verified  his  original  conclusions  by  the  data  obtained  in  the  more 
refined  method  of  mine  sampling  adopted  for  the  work  of  the  fuel- 
testing  plant  in  1905. 

The  writer  has  be«n  in  active  charge  of  mine  sampling  for  the 
fuel-testing  plant  since  the  exposition  tests  were  completed,  and  the 
present  paper  sums  up  the  general  results  of  all  mine  and  car  sampling 
that  has  been  done  in  connection  with  the  fuel-testing  work  since  its 
establishment  at  St.  Louis  in  September,  1904,  to  its  completion  in 
March,  1907.  During  this  period  the  inspectors  of  the  fuel-testing 
plant  visited,  personally  inspected,  and  sampled  the  coal  in  159  mines 
located  in  23  different  States.  From  each  of  these  mines  at  least  two 
mine  samples  were  obtained  and  one  or  more  cars  of  coal  were  shipped 
to  St.  Louis,  where  they  were  carefully  sampled  and  tested.  Inas- 
much as  all  of  the  work  of  sampling  from  its  inception  up  to  the  present 
time  has  been  dona  on  practically  the  same  general  plan,  with  only 
slight  modifications  in  the  matter  of  minor  details,  the  results  are 
entirely  comparable,  forming  the  greatest  mass  of  such  material  that 
has  ever  been  accumulated.  Not  only  is  the  material  valuable  on 
account  of  the  great  number  of  samples  involved,  but  also  on  accoimt 
of  the  variations  in  quaUty,  the  samples  ranging  from  the  lowest  grade 
of  brown,  woody  lignite  to  anthracite  coal.  The  sampling  has  also 
been  done  under  a  great  variety  of  climatic  conditions,  ranging  from 
midwinter  temperature  to  the  heat  of  summer  and  from  the  semiarid 
conditions  of  the  plateau  country  of  New  Mexico  and  Wyoming  to  the 
more  humid  conditions  of  the  Mississippi  Valley  and  the  excessive 
rainfall  of  the  western  front  of  the  Cascade  Mountains. 

8AMPMNG  FOR  GTCOI^OGICAI^  SURVEY  FUEIi-TESTING 

PLANT. 

One  of  the  important  features  of  the  work  of  the  fuel-testing  plant 
has  been  the  method  adopted  for  collecting  the  material  to  be  tested. 
Li  organizing  the  work,  in  1904,  it  was  decided  that  coal  in  carloads 
for  practical  tests  should  be  shipped  imder  the  personal  supervision  of 
an  inspector  and  that  the  inspector  should  also  secure  small  mine 
samples  for  chemical  analysis;  that  when  the  cars  of  coal  arrived  at 
the  testing  plant  a  representative  sample  should  be  taken  from  each 
car  in  the  manner  provided,  and  that  complete  analyses  of  the  mine 
and  car  samples  should  be  made  for  the  purpose  of  comparison. 

CAR  SAMPLING. 

The  cars  of  coal  were  unloaded  into  a  roll  crusher,  with  the  rolls 
set  1  \  inches  apart,  the  coal  falling  into  the  boot  of  a  bucket  elevator. 
As  the  buckets  of  the  elevator  moved  upward  to  the  storage  bin,  a 
sample  was  taken  by  a  man  with  a  small  shovel  from  about  every 

6  Economic  Geology,  vol.  2,  No.  1,  January-February,  1907,  p.  48. 
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eighth  or  tenth  bucket,  and  the  sampling  was  continued  until  the 
entire  car  was  emptied.  The  sample,  which  was  kept  in  a  tightly 
covered  iron  bucket  of  80  to  100  poimds  capacity,  was  sent  to  the 
laboratory  without  further  preparation  and  was  pulverized  and 
quartered  down  to  the  requisite  size.  Several  trials  of  different 
methods  of  car  sampling  proved  this  to  be  the  best  for  obtaining 
uniform  results. 

MINE  SAMPLING. 

The  method  of  mine  sampUng  has  been  practically  uniform  through- 
out, but  from  time  to  time  minor  changes  have  been  made  as  expe- 
rience demonstrated  the  possibility  of  improvement.  In  the  work 
done  in  1905  the  principal  change  consisted  in  crushing  the  sample 
in  the  mine  immediately  after  taking  it,  instead  of  carrying  it  out- 
side, as  had  been  done  in  1904.  The  old  method  permitted  the 
sample  to  lose  some  of  its  moisture,  but  this  was  largely  obviated 
by  crushing  in  the  mine,  where  the  atmospheric  conditions  are  gen- 
erally constant.  Another  important  change  consisted  in  taking 
larger  samples  and  in  weighing  them  to  be  sure  that  a  sufficient 
amoimt  of  coal  was  obtained.  More  detailed  records  were  kept  by 
the  samplers,  showing  for  each  sample  a  complete  section  of  the 
coal  bed,  the  parts  included  in  the  sample,  the  parts  excluded  as  con- 
trasted with  the  partings  thrown  out  by  the  miner,  the  gross  weight 
of  the  sample,  and  the  length  of  time  it  was  exposed  to  the  atmos- 
phere of  the  mine  while  being  crushed  and  quartered  and  sealed  in 
the  can. 

In  detail  the  method  of  taking  the  mine  samples  used  from  the 
close  of  the  St.  Louis  exposition  to  the  completion  of  the  series  of 
tests  in  March,  1907,  is  as  follows: 

For  mine  sampling  two  or  more  places  were  selected  at  widely 
separated  points  in  the  mine  where  the  coal  bed  had  an  average 
development  and  from  which  most  of  the  coal  was  being  mined  for 
shipment.  At  one  of  these  places  the  face  was  cleared  of  burned 
powder,  loose  coal,  and  dirt  for  about  5  feet,  and  insecure  pieces  of  the 
roof  were  taken  down  to  prevent  their  falling  into  the  sample.  The 
sampler  then  spread  a  waterproof  blanket  on  the  floor  of  the  mine 
close  up  to  the  face  of  the  coal  and  made  a  perpendicular  cut  from 
floor  to  roof,  including  in  the  sample  everything  but  the  parts  of  the 
bed  discarded  by  the  miner.  Sufficient  coal  was  cut  to  make  not 
less  than  5  poimds  to  the  foot  in  height — that  is,  a  sample  weighing 
not  less  than  20  pounds  would  be  cut  from  a  4-foot  bed  of  coal  and  a 
sample  weighing  at  least  30  pounds  from  a  6-foot  bed.  When  shale 
or  other  partings  were  to  be  included  in  the  sample,  great  care  was 
exercised  to  cut  them  the  full  width  and  depth  of  the  groove,  in  order 
to  preserve  the  proper  proportion  of  coal  and  extraneous  matter. 
When  the  required  amoimt  of  coal  was  obtained,  a  detailed  measure- 
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ment  was  made  of  the  section  of  the  bed  from  top  to  bottom,  every 
perceptible  parting  and  variation  in  the  section  being  noted.  The 
parts  of  the  bed  not  included  in  the  sample  were  clearly  shown  in 
the  record,  and  from  these  notes  the  value  of  the  sample  could  be 
judged.  The  cuttings  were  at  once  weighed  and  then  sifted  through 
a  screen  with  a  half-inch  mesh.  The  remaining  lumps  were  broken 
on  a  portable  bucking  board,  and  this  process  of  screening  and  break- 
ing was  continued  until  the  entire  sample  would  pass  through  the 
screen.  The  sample  was  then  mixed  by  two  men  grasping  the  oppo- 
site comers  of  the  blanket.  They  rolled  the  sample  diagonally  by 
raising  one  comer  of  the  blanket  at  a  time,  thereby  mixing  the 
sample  thoroughly.  When  the  larger  pieces  of  coal  were  evenly 
distributed  throughout  the  mass,  the  sample  was  quartered  down, 
and  two  opposite  quarters  were  discarded.  The  remainder  was  then 
mixed  as  before,  and  if  the  sample  was  still  too  bulky  to  be  conven- 
iently handled  it  was  again  quartered  down.  The  material  finally 
remaining  was  spread  into  a  circular  mass  about  2  inches  deep  on 
the  blanket,  and  a  small  trowel  was  used  to  fill  a  sample  can  with 
portions  from  the  circumference  to  the  center  of  the  mass  around 
the  entire  circle.  The  can  was  then  closed  and  hermetically  sealed 
with  insulating  tape  ready  for  mailing  to  the  chemical  laboratory. 
The  weight  of  this  can  showed  accurately  what  proportion  of  the 
original  sample  was  preserved. 

The  entire  process  of  sampling  was  carried  on  as  rapidly  as  pos- 
sible at  the  place  in  the  mine  where  the  sample  was  cut,  the  maximum 
time  for  cutting  and  preparing  a  large  sample  being  about  one  hour. 
It  was  assumed  that  as  the  sampling  was  quickly  done  in  the  native 
atmosphere  of  the  coal  there  would  be  little  or  no  loss  in  moisture. 

PROPOSED  METHOD  OF  MINE  SAMPLING. 

In  discussing  the  results  of  mine  and  car  sampling  for  the  testing 
plant  for  1904  Campbell  concluded  that  the  efforts  to  make  the  mine 
samples  correspond  to  commercial  coal  were  unsuccessful,  and  he 
recommended  an  arbitrary  method  of  determining  what  should  and 
what  should  not  be  included  in  the  sample,  as  follows: 

All  material  encountered  in  a  cut  across  the  face  of  the  coal  should  be  included  in 
the  sample,  except  partings  or  binders  more  than  three-eighths  of  an  inch  in  thickness, 
and  lenses  or  concretions  of  sulphur  or  other  impurities  greater  than  2  inches  in  maxi- 
mum diameter  and  one-half  inch  in  thickness. 

If  the  sample  is  wet  it  should  be  taken  out  of  the  mine  and  dried  until  all  sensible 
moisture  has  been  driven  off. 

The  main  difference  between  the  method  proposed  by  Campbell 
and  the  method  used  by  the  inspectors  of  the  fuel-testing  plant  lies 
in  the  manner  of  excluding  impurities.  In  the  Campbell  method, 
as  stated  above,  partings  or  binders  of  a  certain  size  are  arbitrarily 
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discarded,  whereas  in  the  inspectors^  method  only  the  partings  which 
are  actually  discarded  by  the  miner  are  excluded  from  the  sample- 
The  method  of  imitating  the  miner  would  seem  to  be  the  best,  but  it 
requires  very  careful  judgment,  as  no  two  miners  can  be  rdSied  on  to 
discard  the  same  partings  consistently,  even  at  mines  where  the  most 
rigid  regulations  are  in  force  for  cleaning  the  coal.  The  results  of 
sampling  done  in  this  way  show  a  decided  improvement  as  experience 
is  gained,  but  the  method  depends  too  much  on  personal  fadgment, 
and  therefore  it  is  not  recommended  for  general  use.  CampbelPs 
proposed  method  seems  to  fulfill  all  the  present  requirements  when 
used  in  conjunction  with  the  coefficients  given  on  page  512  of  this 
paper,  and  should  be  followed  where  samples  are  taken  for  purposes 
of  comparison. 

ANAT^YTICAL.   RESUIiTS  OF  SAMPIiTXG    FOR   GEOLOOICAlL 
SURVEY  FUEL.-TE8TING  PI.ANT,  1905-1907. 

TABULAR  SUMMARY. 


During  the  first  year  mainly  run-of-mine  coal  was  shipped  to  the 
testing  plant,  but  since  then  other  sizes  have  been  accepted  for  vari- 
ous sorts  of  tests.  This  has  afforded  excellent  opportunities  to  com- 
pare the  mine  samples  with  screened  coal  as  well  as  with  run-of- 
mine  coal.  Three  tables  have  been  prepared  showing  the  impurities 
in  the  mine  and  car  samples,  and  comparing  the  average  of  the  n^ine 
samples  with  the  average  of  the  car  samples.  Table  1  includes  only 
the  results  on  samples  of  run-of-mine  coal.  Table  2  is  composed 
entirely  ol  results  on  screened-coal  samples,  including  all  samples 
that  were  shipped  as  lump,  egg,  nut,  etc.,  as  well  as  many  other 
special  sizes  which  were  obviously  neither  run-of-mine  nor  slack  coal. 
Table  3  is  made  up  from  the  results  on  samples  of  coal  that  were 
shipped  as  slack  or  screenings. 

Table  1.  -  Classification  of  impurities  in  mim^  and  car  samples  of  run-of-mine  coal.  '> 


DcsnTiption  of  sjimple. 


Alabama  No.  2  B,  Carbon  Hill: 

Mine  sample 

Do 

Car  sample 

Alabama  No.  3,  Ganisoy: 

Mine  sample 

Do 

Car  sample 

Alabama  No.  4,  Belle  Ellen: 

Mine  sample 

Do 

Car  sample 

Alabama  No.  5,  Lehigh: 

Mine  sample 

Do 

Car  sample 


I 


30II 

;«)12 

3211 

3018 
3019 
32.W 

3034 
3035 
3103 

4090 
4091 
4252 


Pereentage  of  im- 
purities. 


Mois- 
ture. 


4.71 
4.51 
3.95 

3.03 
3.25 
2.72 

3.67 
3.60 
6.43 

4.72 
2.93 
5.59 


Average. 


Excess. 
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Tablb  1. — Clattijioation  of  impiiritUi  in  mine  and  car  tampUt  of  ran-of-mine  coal — 


DeMMiptlon  ol  mmpi*. 


Hinp  (unpl? 

OUifonil.  No.  I,  TeiU: 


Catmmpla 

noli  No.  A  B,  CodBBn: 

Hmple. 

a,  (>  A.  StBunton: 


CarBBTDDle... 

lUlnoli  No.  19  C,  Z. 

UEne  Nunple . . 


Car  sample.. 

lUlnnla  No.  &  A. 

Mine  aample . 


CafMinple 

Ilnols  No.  »  B,  LIvlngMii 
Mlnc^«n,plP 

Car  aai^pii;  :";,;;;■, : 

Ilnols  No,  b  B.  Ilarrisliu 
Mine  sample 


Indiana  No.  13.  II 
Mliw  samplF. 

Car  sampiR . . 


No. 

ton. 

-.. 

133H 

2,  HI 

SM7 

30.50 

12.S8  '    . 

l«(H 

lOOT 

HtSl 

is!  tt   3. 

ITOl 

i;,B3 

11.09     3. 

a;  27 

11.35     i. 

J«.3T 


ieg3      S.29  '  I0.S1    2.B 
■—  '    8.41  I  11. 8S     3.0 
8.20     1Z.»  '  3.1 


Do ;;..!„..!.;....;  asi ,  n. 

Carsamrie 29B-  '  ■■ 

lols  No. ».,  Liru'Oln: 

Mine  sample WS 

Do 28S 

Car  sample I  300 

lois  No.  t!.  Auburn; 


119  I    8.7H     3.(12 


!   37«l  I  12n  I  U09  .  3.111     12  79 


.71  .'    :o7 

.:^"f3:m---.!.i 

1.21  1 .17 

'■''' 

1     l.w!      .12 

1        ^. 

■**      ^-"l 

i.«|     .ai 

1    3.K7'      -■» 

1 

3.W  '    -:o 

.28 

1.07'      ,70 

I.W'      .17 
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Table  1, — CUunfi^alion  of  impuritia  in  mine  and  ear  tampUi  o/  nm^f-mim  coal — 


IlBJcriptlon  o(  mmple. 

Lab- 
ora- 

Pcnantaee  of  Im- 

purftlM. 

„^ 

Uoia- 

A.I.. 

phu'r. 

tare. 

Al. 

phU 

4,M 
-BS 

ass 
lis 

&0G 

.fi7 

.40 
.57 

1.02 
250 
1.41 
.83 

.es 

.« 

.w 

117 

134 
lU 

I.I7 
3.43 

tan. 

Atb. 

aui- 

l"'Jta^No^I4j^S«lyvUb: 

3«2 

3173 
3fi67 

i 

2503 

M7S 
3M0 
3722 

IS! 

4335 

a 

IMS 

3Zil 

3322 
XS6 

X!3a 

i 

lies 

5 

ISM 

13.  BZ 
13.53 

la  IB 

11130 

law 

12  OS 

145 

4.32 

HSJ 
7.« 

9.80 

a.  01 

5E 

3.43 

13.38 

13  80 

11 

IS 

2.72 
«53 

siwi 

11  2D 
0,21 

3.10 

'lis 
1:: 
},-^ 

140 

};« 

3.33 

!;«» 

3  it 

}.„ 

(>» 

171 

1;- 
':« 

aoo 

1L30 
7.33 

g.is 

ZS6 

314 
iM 
8,18 

10.02 

U73 
11 S7 

5.10 

8,02 

&4B 
11,31 

e.07 

7.25 

""^SSS.^"'^*™'^' 

i.30 

.a 

L54 

aTS 

11.76     4.33 

8.30'   1(10 

&oe    4.09 

Indiana  No.  17,  Bioknelli 

.13 

LSI 
Z31 
1.B2 

2,84 

Ksmucky    So.   s;   uid   o(   B« 

Do::::::::::::::;::::;::: 

223 

2.4a 

170 

2.03 
2,2fl 

4.00 

!67 
.48 

Kentucky  No.  0,  piilnMYilip; 

»"~P"^ 

.113 

Kentuckr  I^.  S.  s'tDiVli: 

7.87    isa 

&W24S 
ftSS     La3 

lasB    L80 
13^I^    Ltg 

0.14      .87 

10102'  4.48 

M3  '    .72 
14,87  '    :73 
ILU  '    .57 

IZ37,'    .7S 
14.  S7      ;  OB 
(lOS,    .70 

6.-3     3.10 

ao4 

JCenlucky  So.  D  1),  Ifcllenr}-: 

CarsampiP 

lliiO'Und  No.  1,  l'ta!dniont,W.Va.: 
^^"'"P'^ • 

1.87 

.47 

t'arsampU' 

"'Ci'bi'™"'™ 

3,93 

,08 

c.,Si,ii::::;:::::::::::::: 

.03 

-.^ 

.01 

CarsampJp 

Nrw  Mpxico  No.  SA.Van  Uauton: 
UInu  sample _ 

.70 

«>"-"pi.-.:-' 

.47 

aes 

.OS 

cris;::::::::::;:::::::: 

Ni-w  Hfiico  No.  S,  nionsliuT^: 
MlnB^«mplo 

.33 

111 

.04 

Nor;^DroEi''No.-3;wuio-n;- 
Mlne^«n,plo...,. _ 

5.34 



.20 

.15 

.37 

1.84 

£50 

»"™„'f"'P'^ • 

0.38      7.(is'*0S 

ia7S     a.i3  '  1.11 

3-W       8.07  '3,40 

3.33 
5.51 

OSlo  No.  a,  WeilVtoii; 

Ohio  No.  a.  SeWi: 

MnyampU! 

1.9 

1.27 
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Tabia  1. — Cbutifieation  of  impuritia 


le  oTtd  rar  tampUi  o/  run'of-mint  coal — 


Ohio  No.  S.  Mcke: 

nine  •uuple 

Do 

Cat  Bftmplfi -,-,,- 

OUo  No.  a,  BtlMn: 

MlaaxunplB 

Do 

Cuiample 

Do 

PenoaylTUilA  So.  0,  But  HUl^ 
bora: 

CarHmplB 

Do 

PeDiuylvuila  No,  7.  LlgODlcr: 

Kim  uroplB 

Do 

Car  uropto 

PeiuurlTuilB  No.  B,  EhreDfeld: 
Mlnewimple 

CarumpU 

fennarlvanlii  Ka  0,  KlmmaltoDi 

Ulneiunple 

Do 

C»r  eunple — 

Pooiurlvuilm  No.  II.  Chuloral: 
Ulno  lamplo 

Do 

Peniuylvsnla  No.  12,  AtotiMoa: 

Mme  luiiple 

Do 

Csrumple 

Panaaylvuila  No.  IS.  Cnlghton: 

lUns  Hunplc _ 

Do 

Car  aanipla 

FeoaaylYuila  No.  IS.  Webrum: 

Do li[\[\\\l\\'.'.'.'.'.'.'.'. 

Peruuj'lvBalA  No.  id.  liutlnjci: 

If  Im  sample 

Do 

Cte  umpls 

Feaii3ylTu&  No.  IT,  WbltP: 

HiiWMunpta 

Poniuylvin&No.' JS.  Uoy^iiili ■ "  ' 
Mine  luuple 

CarHmplo 

Pmnwlvanlii  No.  19.  H^rmlnw-: 
If  iQfl  Hmple 

l^nntylvanln  No'so.  S^Kiirl 

Do 

PemuylVBDlB  No.'ii.  'Connriis-' 
vtUe: 

Do ''"[V.W.W]]  [['.'.'. 

TcDMMHNcTi.Fork'RIdgp: 

Mine  uniple 

Do 

Tannema  tfo/l.' OatilB: 

MlDa  sample 


puntiu. 


Ola- 

Aab. 

'•' 

11.07 

11.  IS 

13.73 
4.0U     13. 4T 


■■»! 

.M|      .3* 

■- 

I.M^ 

1    ■'■ 

3.0«  1       .  14 

i     .M  ■ 

'     .as 

lis! 

3,Mi '     .m 

,    f.81         .1! 

'  ,.I : 

i 1"'!  ■"■ 

,i.«l 

.BA  1      .13 

1        ,^ 

■   ■**.    ^■'*"   

1.3.,     l.M| 

1     '      .33 

2..wi    1-43  1 

!       1 

1.13  j    S.37'      .« 

1             1 
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pBHTTlptlDI]  nf  Ainiptp. 


>  No.  3,  GuIIUT: 
.  \'n   4.' (ilir'^i-' Kt 


TenncsHV  NoVs,'  f ■Vtm:' 
Ulne  umpLd ........... 

Tennessw  Nn.  6,'wliidrncru 

"%r"'::::::::;::- 

CarMmjil.- 

Tennenwn  No.  7  .\,  WUiJiT: 

»~£™':::::::::;:: 

TennMSW  (ft.  S.'ciuiy :' 


Vlrglniii  No.iVcrauVlrtKiirrtV " 
llini.  wimple 


Wput  Virginia  No.  1  B.  Birtt: 

Mli»»«inplr 

IJO. 

West  VtrRinErNo.'ii'riei;'"" 
MinPMmpln 

Do. 

Do. 

MInP  wrnpiP 


»(' 


W«l  Viixlnis  No 


ilf 


.  wss     za  CBi  I  zw 

.'  30511  '    ClSS  (LTG  I  3.23 

.1  2977       3.80  ISO  '  .78 

.'  aiTit  '3.00  &16  LOS 

a  »l  14. 43  .  .  7N 

3.ot  iai3      .    , 

3.03  12»  3.x 

la  re '  m  i 

.1  11.  IC  3.5B  ) 

2G3  13.42  IX  \ 

34  S7  7.C4  iso  }; 

5.(0  Kll  I  2  31 

a  .15  4. «  ;      — 

4.04  5>m 


2<»       4.4S 
.163      a  TV 


.M  I  a.21    ai9 


SlXI  ;  3,17  I    £31    . 


I  I1.SS  I  3. so 

lOM    3.90 


.    2105  I    2. 01  , 
.   20»1  '    a22 


.  ^'o;  \  2  sfi 

!   ^W  I    3. 51 


.« 

ILIO 

.ZI 

X3t, 

.13 

.15 

ISl 

L« 

LW 

.M' 

.01 

L30 

.84; 

i 

.74 

1 

zoe 

181 

124 

an 

3.  OS 

.3* 

.» 

4.12  : 

1 



.«! 

.47' 

1.SB 

1 

.11 

LOl 

1 

".'u 

1 

t«| 

.01 

1 

<B 

1 

s.ni 

.34 
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De«rlptlon  oJ  «n,pl,. 

MoU- 

."S- 

f  Im- 

A^r^. 

k™. 

3ul- 

""■Sr 

AiU. 

phur 

Uois- 
tun. 

Adl 

& 

West  ViiBinU  No.  »,  Arme: 

i 

MM 
1377 

3U0 

3457 
3906 

3U8 

S 
E 

3180 
3161 
31B3 

was 

3213 

wa 

338D 

2.66 
2.M 
282 
2.W 

3.B7 

175 
3.W 
3.Ci 

3.13 

II 

si 

.« 

12.41 
M.64 

20.67 
mm 
Ifl.OO 

5.23 

5.  « 

7.82 

3.51 
6.30 

21.110 
X.T9 

11  ss 

6.19 
6  80 

1.36 
.63 

4.M 

7.03 

^28 

2  76 

8.03 
^18. 08 

h 

483 

7.83 

485 

5.96 

7.82 

6.13 
7.81 

2.  as 

3.41 

1.4* 

1.32 

.63 
.83 

.91 
4.«3 

4,oa 

.» 
.» 

.91 

.81 

.62 

a  10 

3L0O 

Went  VirginU  No.  31,  Wlnltiede: 

■    "%r^:::::::::::::;::::; 

Curnaiuple 

Mlnelnm^le 

.98 

-" 

Careample.,.. 

Weil  yirelub  No.  23  A,  llonanh: 

.30 
1.U 

.01 

2.K8 

.76 

1.11 

1.7! 

i.ga 

.20 

3.18 

Wyoming  No.  3  B,  (iiiiibrii: 

Wyoming  No.  3,  AlBiWiQ: 

3.18 

.48 

Wyoming  No.  *.  Hfliiija: 

'"'SKiSi''""'"^'^^ 

i'^!^^ 

"'s,".'sl,t.'°-rr^ 

312       .4> 

87        87 

'1 

80 

7.92 
87 

Tahle  2, — Ci(u*i^ca(u>n  nf  impuritUi  i? 


\*  and  car  tamplti  of  Kreened  coal. 


Dencriplionotnample. 

Lab- 
Wry 

"-■ 

Av,r«, 

t^ 

Uois- 

A  ah. 

11.00 

0,34 
11.35 
8.  SO 

pbu'r 

3^20 

20a 

2!  78 

Uols- 

Ai*. 

ptujr 

ture. 

"•^    pbur. 

Ark«iMi.No.7A.UIdlaiicHl'mip): 

2993 

2594 
2ti88 

2587 

3  07 
6^47 
3.12 

3!  SO 

12.27 
11!  46 

13:  72 

11.69 

8.  SB 
11.46 
0,<B 

,89 
1.27 

4.  TO 

0.M 

Arl^sai.  No.  (^  sfidratNo.  4): 

B.a7 

°"fe''ii,r-.':™>: 

1.18 

niinnln  No.?B,Coliin8i,1ui"(mit)! 

Minf«mplB 

Do 

30 

Do .'.'.V;^!!!!!!;;!!!! 

Carsnmple 

i-lsJH» 

1.17        .05 
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and  tar  tampUt  of  tereetud  cool — Con. 


Deiciiiitlnu  of  sampta. 


t3,  B«iti>n'(e«^." 


Cur  wmplu 

ilDols  No.  14,  Springfldd  (lamp): 
Ulne  nomplo, --...- 


IT«  I  12.77 
1726  '  in.JS 


Mines 


UnolaND.£,i«'s^'('l'imip):' 
Mine  Mmple 


CafMunplp 

llllnola  No.  ft  A,  Zelglnr  (lumpj- 


Cur  sample 

llDois  No.  IB  D,  Kelgler  (lump): 
Mine  Nunple 


Car  HTaple 

Do 

.Ilnols  No.  21,  Trof  [lump): 


ininolii  No.  ZZ  A,  UhttkUIb  (lump) : 


Unols  No.  SB,  KftiTTille  (nut 
M'ine  ««nplB.", 


D.Donlcville'iiarecn- 


<   No.    2i   B,  New    Bwl«i 


Carumplo.., 
IIUddIi      No.    » 
(Mtwnlngii): 


UNIFORM    AHD    SYSTEMATIC 

Tabi£  2. — Clattificalion  of  impuritiet  in  mim 


Dncrlptloii  ol  umple. 


UUiuria  No.  30.  Shiloh  Stiitlaa(nut) : 
Mlnesomplo 

niinoto  No.  31.' Woriieniscneo^ 

^M&iB  samplB 

Car  samide '...' 

nUnola    No.    M   A.    Ukiriibi 
(Kieenlnga): 

Mine  (ample 

Do 

Curmmplo 

Indiana  No.  3.  Boon>IUe<DUti: 

VlnesamplB 

Do 

Caruniiilii 

TndlHiiH  Sn.  i.  Sur  Cltf  (aern 

'"St™.,,, 

Indiana  No.  7  A,  Littki'ciuii 

^Bine  ««dip1b 

Car  aami^ _ 

Indtsna  No.  7  B.  LItUoa  (H:rain- 

MiUBMinple 

Do.... 

Car  sunplo 

Indiana  No.  8.  Weit  Tfne  Hauls 
(lump): 

Uinowimpte 

Do 

IndianaNo.fiAlkocteVlikCtunipV: 

Mine  lample 

Bo....... 

CjirsainplP, 

Indiana  No.  10.  Itoatdale  (himp) 

Ulne  sample 

Do 

Indiana  Ko.  11.  Ougtcnr  Oiimpi : 

caraaniii^v.:":::::::::;::::. 

Indiana  No.l»  B,  Wimatnr  (lump) : 

Hlnrumpk^ 

Dfl, 

Car»amplP 

Indian*  So.  IR  Diamond  <vi 

Mfaw  lample 

Do 

CarHmnli. 

Indiana  No.  30,  PertbdccwnlDini: 
MiDemimpta 

Indian  Terrtlorj'Nii.' acViiart*." 

KaninsKo,  n,  Jemtt'lViuti'my 

Hlm-aamplp 

Do 

Carsnmplp 

Kentucky  No.  1  B.  Stniigfci  CnvH 
{liunpl :  I 

Minn  sumplp 


'  lAih. 
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■■  and  ear  tampUt  oj  tertentd  cool — Qoa. 


HOI-     HOU-      ..y, 

pbnr.  luiB.    -**"■ 


g}»" 


^ILIS 


5*" 


.  B8  I    £  Al 


433 

L» 

SI. 

au 

tl- 

.67 

166 

»,. 

.« 

1  rf 

iTB 

L«0 

»s. 

til 

L99 

&M 

M 

.U 

IM 

.1> 

1.1§ 

a  7* 

1.10 

.1. 

ioo 

1.7*  i 

.a 

4.5a 

LW 

.«  1 

.7» 

LQ 

in 

.21 

L« 

l.7«  '. 

.M>  , 

.«, 

?-^ 

4T1 

IM 

iftii: 

.73 

LJ7 

1101' 

.31 

1  W 

LM 

l.« 

L7a 

.3* 

f  11 

1  M 

373 

3.02 

1.1» 

L22 

.7.1 

.34 

.88 

.31  1. 
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Tablij  2. — CUutifieqtion  of  impuritiea  in  miiie  and  cor  witipla  of  tereentd  coal — Con. 


Draerlptlon 

fMmple. 

KentiKltyNo.  IC, 

StMlght  Creek 

Kentucky    No.    7 

C™t™l    City 

cr»iiAi:::::::::::::;:::::: 

CBisampk.... 
Mme  BBm]dr. . . 
Car  sample! '. 
Ulnpsamplr... 
Carsaniplp'.! 


KenlucV)-  No.  9  A.  McHi-nry  (nut) : 
Ib  (lump) : 
1,  Noulngpr  (not) : 


3722    lana 

38CS  I    S,TO 


'"et«., 


(' ,  N  oulDgec  (acnen- 


New  Mriico  No.  1  U,   RrlUiant 

MlnoiamplP 

CatMii 


l&Tfi 


Catiample 

IhloNo.  5,  Riuh  Run  (liunpj: 
Ulne  sHmplfl 


ifalD  No.  7.  baniord'aiinipi 

Po 

ihlo  No.  e  A,  CliiVimi'  (iiimj 


''"  '"i' 

9.2»    2.7fi  |1, 
IB. SI    3.-  '  ■ 

0,28     2. 

2o!i8  ,  a! 

I 

9.i8    2,7«  I, 

l.SOl    0,13]    .72  1 
1.75  I  15.SI        .M 

Si 'J:!! I  :S  I 


SJ 


OhIoNo.O  n,  Claijon  (Mrmnlnga) : 

UlneiampH-..- 

Do 

OhinNn.lO.MIii-niiniyil'iimiii:'" 


l>«niiiiylvaula  No. 

HiDfiainpli'.. 
I>o. ...... 

CnrBnninb'... 
Pennsylvanlu   Ni 

HlnosHmiili'.. 

I>o 

Car  sample... 


.01       .OE 


-78 

.H 

LU 

"" 

LW 



S.33 

M 

•.2(1 

a 
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Table  2. — Clatt^fiealion  oj  impurtltei  in  wxnt  a>\d  car  lampUt  of  tcreened  coal — Con. 

Peicoiit»gB(*lni-  j  .„„.  1  p 


Carsflmpli. 

Texas  No.  3.  Olacn  (Iiiinp): 
MIna  sample 


Ulne  umple. 
Do 


Vlrgink N o. 22A .  Heniiihaw 


Crmmple 

West  Vlr^nla  No.  23  B,  Monarch 

HIns  sample -^- ' 


Number  of  car  aamplea... 


irtf^. 


3.«(  [   g.a 

A.21  i  riz 


'll  Ijas.TS 

.«.  ^  31.06 

;|  j}  2  w 


..!!^W!ii 


Sul- 
phur. 

K 

A.b. 

Sul- 
phur. 

Ill 

12H 

.08 

... 

.78 

.94 

.sa 

fi.40 

.23 

.99 

.17 

,23 

S3 

.117 

.3S 

■" 

,14 

.76 

.«j 

!..« 

.3, 

1,34 

2.x 

.30 

,:» 

I.4T 

3.M 

.3S 

'M 

.40 

l.M 

3. OS 

.31 

.,11 

,27 

232 

i:iB 

so 

""""so* 

■1 

3.^CTnM{^riWto»  o/  impvriliet  ii 


K  <i?KJ  rar  tampUt  of  tVatk  coal. 


Krlptlon  ol  mimpli'. 


Car  sample 

tUinoisNo.TC.ColllDB' 
Mine  sample 


Car  sample... 
Ddiana  No.  IS  A. 


25SS  '    3  G3      7  77  '  1  2t 

2S86  I    4  00      ;  14     I  X 
2HW'    T,«     17  97  I  1.0) 


a.  73 

laai  . 

3-31 

1TW| 

I.S3 

.a84| 

,U 

.07 

630 
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Table  3. — Classification  of  impurities  in  mine  and  car  samples  of  slack  coal — Con. 


Description  of  sumple. 


Lab- 
ora- 
tory 
No. 


Indian  Territory  No.  2  B,  Uart»- 
home: 

Mine  sample 

Do 

Car  sample 

Kansas  No.  2  B,  Yale: 

Mine  sample 

Do 

Car  sample 

Missouri  No.  10,  Bevier: 

Mine  sample 

Do 

Car  sample 

New  Mexico  No.  3  B,  Van  Houten: 

Mine  sample 

Do 

Car  sample 

Tennessee  No.  7  B,  Wilder: 

Mine  sample 

Do 

Car  sample 

Tennessee  No.  9  B,  Coalmont: 

Mine  sample 

Do 

Car  sample i 

Do... ! 

Utah  No.  2,  CoalvlUe: 

Mine  sample 

Do 

Car  sample 

Virginia  No.  5  A,  .Blacksburg: 

Mine  sample 

Do 

Car  sample 

Viivinia  No.  5  B,  Blacksburg: 

Mine  sample 

Do 

Car  sample 

WestVirginia  No.  16  B,  Monongah 

Mine  sample 

Do 

Car  sample 

Average,  mine  samples 

Average,  car  samples 

Number  of  mine  samples 

Number  of  car  samples 


1071 
1073 
3405 

1017 
1019 
4361 

4196 
4197 
4257 


Percentage  of  im- 
purities. 


Average. 


Exoea>. 


Mols-I    ..h    I  Sul-  I  Mois- 
ture. I  ^■°-  'phur.  ture.  , 


1.46 
1.30 
&27 

2.44 
2.36 
8.01 

15.26 
15.41 
15.23 


6.40 

7.65 

14.29 

!  10.60 
11.79 
2a  38 


Sul-  I  Mols-     .  w      Sul-   Mols- 
ir.  ture.  ,  phur.  ture. 


Sul-   Mols-'    .   ,^      Sul- 
phur, ture.  phur. 


4002 
4093 
4294 

2041 
2012 

2aH 


1.38 
1.58 
1.79 

5.63 
5.88 
4.70 

4.37 
3.78 
3.60 

.72 
.64 
.83 

2.42 
3.84 
2.09 

.73 
.68 
.74 


!}  1-38 
I    &27 

I  2.40 
&01 

|l5.33 
15l23 

I  2.99 
4.36 


1.28 
1.32 
1.39 

.84 
.68 
.63 

.84 
.68 
.65 

.60 
1  06 
1.20 


} 


3.25 
3.37 


[  3.G0 
5.68 


} 


13.96 
12.66 

3.24 
4.80 

3.24 
7.52 

2.78 

5.57 

6  51 

8  47 

15 

15 


7.02  j  1.48    ... 

14.29  i  1.79     4.89 

I 

11.19  I  5.75. 

20.38  !  4.70     5  61 


I 


7.27 


9.19 


10.15 
20.50 

11.02 
15.92 

9.60 
10.06 

8.  GO 
8.55 


&76 
5.85 

19.79 
18.03 


4.07 


10 


3.69    1  10.35 

.68 
.83 


1.37 


3.13 
2.09  : 

.70    . 

.74  ■. 


4.90 


12 


46 


1 


2.08  >    9.86 


1.30  I  1.30 
1.39  ' 


.00 


1^.79  I     .76 


16.23 


I 


5.64 

8  37 

9  97 
15.94 

15 
15 


.65 


3.56 


4.28    . 


.87 

1.20 
2  16 
1.95  : 
15  > 
15 


.31 
1.05 


.38 


15 


1.04 


04 


09 


76    1. 76  ,       .  13 

63  ,  1.56  ' 


11 


2.79 

2  73 

.33 

.98 

2.66 

.41 

2.70 

7.29 

.18 

3 

2 

10 

12 

13 

5 

MOISTURE. 


MOISTURE    IN   RUN-OF-MINE   COAL. 


An  examination  of  Table  1  shows  a  slight  excess  of  moisture  in  the 
general  average  of  the  mine  samples  over  that  of  the  car  samples, 
these  averages  being  8.01  and  7.92,  respectively.  In  the  entire  lot  of 
87  coals  sampled,  36,  or  41.4  per  cent,  show  an  excess  of  moisture  in 
the  car  samples,  and  50,  or  57.5  per  cent,  show  an  excess  in  the  mine 
samples.  One  coal,  equal  to  1.1  per  cent  of  the  whole,  showed  an 
equal  amount  of  moisture  in  the  average  mine  and  car  samples.  This 
coal  is  West  Virginia  No.  13,  one  of  the  low-moisture  coals  of  the 
Kanawha  River  district.  The  equality  in  moisture  content  of  both 
kinds  of  samples  is  of  course  purely  accidental.  Of  the  50  san^>les 
collected  during  the  exposition,  26,  or  52  per  cent,  showed  an  excess 
of  moisture  in  the  car  samples,  and  24,  or  48  per  cent,  showed  an 
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excess  in  the  mine  samples.  On  comparing  the  results  of  both 
periods,  it  is  seen  that  in  the  exposition  work  the  results  very  nearly 
balance,  a  slight  majority  of  the  car  samples  containing  a  greater 
amoimt  of  moisture  than  the  mine  samples.  In  the  sampling  work 
which  followed,  when  the  mine  samples  were  being  pulverized  in  the 
mine,  this  condition  was  reversed,  more  moisture  being  foimd  in  the 
mine  samples  than  in  the  car  samples. 

A  further  examination  of  the  table  of  run-of-mine  samples  shows 
that  the  greatest  excess  of  moisture  found  in  the  car  samples  was  3.37 
per  cent,  in  Tennessee  No.  5;  that  0.02  per  cent,  in  Wyoming  No.  2  B, 
represented  the  smallest  excess;  and  that  the  average  excess  for  the 
whole  was  1.17  per  cent.  The  average  for  the  work  done  in  1904  was 
1.35  per  cent,  showing  that  there  has  been  some  improvement  in 
reducing  the  excess  of  moisture  in  the  car  sample  over  that  in  the 
mine  sample. 

The  greatest  excess  of  moisture  in  the  mine  samples  is  in  North 
Dakota  No.  3,  which  shows  5.24  per  cent  more  in  the  average  mine 
sample  than  in  the  car  sample.  The  smallest  difference,  0.07  per  cent, 
is  in  West  Virginia  No.  21.  The  average,  1.01  per  cent  for  the  entire 
lot  of  mine  samples  containing  more  moisture  than  the  car  samples,  is 
practically  the  same  as  the  average  of  1.11  per  cent  obtained  in  1904. 

In  order  to  compare  these  results  further  and  arrive  at  a  definite 
coefficient  for  correcting  the  moisture  of  the  mine  samples,  the  results 
have  been  arranged  in  two  tables  according  to  the  actual  amount  of 
moisture  contained  in  the  average  mine  samples.  Table  4  is  made 
up  of  samples  having  a  moisture  content  of  less  than  5  per  cent ;  Table 
5  comprises  those  having  a  moisture  content  of  more  than  5  per  cent. 

Of  the  87  coals  sampled  as  run-of-mine  coal  five  (Arkansas  No.  10, 
California  No.  1,  North  Dakota  No.  3,  Texas  No.  4,  and  Wyoming 
No.  6)  are  lignites  and  on  account  of  the  high  moisture  content, 
affecting  the  whole  analysis,  have  been  omitted  from  the  tables. 

Table  4. — Coals  containing  less  than  5  'per  cent  of  moisture  in  the  average  mine  samples^ 

exclusive  of  lignites. 


Coal. 


Alabama  No.  2  B  . . . 

Alabama  No.  3 

Alabama  No.  4 

Alabama  No.  5 

Alabama  No.  6 

Kentucky  No.  5 

Maryland  No.  1 

Maryland  No.  2 

New  Mexico  No.  3  A 
New  Mexico  No.  4  A 
New  Mexico  No.  5. . . 

Ohio  No.  6 

Ohio  No.  12 

Pennsylvania  No.  6. 


Avera£;e 
of  moist 

per  cent 
,ure  In— 

Car 
samples. 

ass 

2.72 
6.43 
5.50 
a39 
4.36 
2.33 
a  42 
a45 
2.78 
2.72 
5.31 
a55 
a35 

Excel 

Mine 
samples. 

0.66 
.42 

»s  In— 

Mine 
samples. 

Car 
samples. 

4.61 

3.14 
3.63 

2.80 

a82 

1.77 

ao2 

.37 

4.49 
2.96 
2.50 

.13 
.63 

.92 

2.96 

.47 

2.43 

.36 

2.28 

.44 

4.02 

1.29 

a  21 

.34 

3.44 

.09 
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Table  4. — Coals  containing  less  than  5  per  cent  of  moisture  in  the  average  mine  samples, 

exclusive  of  lignites — Continued.' 


Coal. 


Pennsylvania  No.  7 

Pennsylvania  No.  8 

Pennsylvania  No.  9 

Pennsylvania  No.  11 . . . 
Pennsylvania  No.  12. . . 
Pennsylvania  No.  13. . . 
Pennsylvania  No.  15. . . 
Pennsylvania  No.  16. . . 
Pennsylvania  No.  17. . . 
Pennsylvania  No.  18. . . 
Pennsylvania  No.  19. . . 
Pennsylvania  No.  20. . . 
Pennsylvania  No.  21 . . . 

Tennessee  No.  1 

Tennessee  No.  2 

Tennessee  No.  3 

Tennessee  No.  4 

Tennessee  No.  5 

Tennessee  No.  6 

Tennessee  No.  7A 

Tennessee  No.  8 

Virginia  No.  6 

West  VirginU  No.  4  B  . 
West  Vi^nia  No.  13... 
West  Virginia  No.  14... 
West  Virginia  No.  15... 
West  Virginia  No.  17... 
West  Virginia  No.  18... 
West  Virginia  No.  19... 
West  Virginia  No.  20... 
West  Virginia  No.  21... 
West  Virginia  No.  22  B 
West  Virginia  No.  23  A 


Average 

Number  of  samples . 


Average 
of  moisi 

per  cent 
iure  in— 

Car 
samples. 

Ezces 

Mine 
samples. 

isin— 

Mine 
samples. 

Car 

samples. 

a04 
a29 

a26 

4.09 
a  51 

ao9 

l.d5 
1.96 
2.65 
2.85 
4.25 
4.35 
4.46 
a39 
4.00 
5.13 
4.81 
5.09 
5.38 
6.39 
5.59 
a89 

ao3 

2.87 
5.02 
a  91 
a  74 
5.09 
2.01 
a46 
2.86 
2.96 
2.85 
a  57 
a42 
2.05 

La*) 

.22 

.17 
.58 
.94 
.08 
.48 

2.53 

2.90 
2.73 
a  33 
2.80 
2.22 

1.45 

2.13 

2.54 



1.92 

2.41 

.96 

,          2.64 

1.36 

'          2.61 

2.52 

a68 

1.13 

a40 



1.60 

4.33 

1.05 

a  18 

a  21 

2.22 

a  37 

a40 

.49 

a25 

.22 
.25 

3.12 

2.81 

2.81 

a  52 

.38 

a  74 
a53 
ao3 
a  03 

1.56 

i.62 
.17 
.56 
.42 

a  42 
a38 



2.75 
a64 

a  12 

.10 

.07 

.30 

1          3  65 

i.06 

1 

a  18 

47 

1 

a  78 
47 

.47 
18 

1.30 
28 

Table  4  comprises  47  coals  having  a  moisture  content  of  less  than 
6  per  cent  in  the  average  mine  samples.  Of  these  47  coals,  18,  or 
38  per  cent,  show  an  excess  in  the  mine  samples,  and  28,  or  60  per 
cent,  show  an  excess  in  the  car  samples.  In  one  sample  the  moisture 
is  equal  in  both  car  and  mine  samples.  Comparing  this  table  with 
the  general  table  of  run-of-mine  samples  (Table  1),  we  see  that  con- 
ditions are  reversed,  and  that  the  conclusions  drawn  from  the  general 
table  do  not  apply  to  these  selected  samples.  .  In  the  general  table  the 
average  excess  in  the  mine  samples  is  1.01  per  cent,  as  compared  to 
0.47  per  cent  in  the  coals  having  less  than  5  per  cent  of  moisture  in 
the  mine  samples.  In  the  general  table  the  average  excess  in  the 
car  samples  is  1.17  per  cent,  as  compared  to  1.30  per  cent  in  Table  4. 
The  average  moisture  in  the  mine  samples  containing  less  than  5  per 
cent  is  3.18  per  cent,  and  the  average  in  the  corresponding  car  samples 
is  3.78  per  cent.  If  we  divide  the  average  in  the  car  samples  by  the 
average  in  the  mine  samples  we  get  a  coefficient  for  correcting  the 
moisture  in  mine  samples  containing  less  than  5  per  cent  to  approxi- 
mately the  moisture  that  might  be  expected  in  commercial  run-of- 
mine  coal.  This  result  is  3.78-^3.18  =  1.19.  It  will,  how^ever,  be 
safe  to  use  this  coefficient  only  when  the  coal  is  dry,  and  when  it 
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is  certain  that  no  great  amount  of  moisture  has  been  added  from 
outside  sources,  such  as  wet  places  in  the  mine,  rain,  etc. 

The  coals  which  do  not  appear  in  Table  4 — that  is,  those  containing 
more  than  5  per  cent  of  moisture  in  the  average  mine  sample — have 
been  furanged  in  Table  5. 

Table  5. — CoaU  containing  more  than  5  per  cent  of  moisture  in  the  average  mine 

samples,  exclusive  of  lignites. 


CoaL 

Average 
of  molsl 

per  cent 
.ure  in— 

Car 
samples. 

Excess  In— 

Mine 
samples. 

Mine 
samples. 

Car 
samples 

Illinois  No.  6  B 

12.90 

12.07 

14.28 

&30 

&35 

10.03 

11.80 

15.14 

14.23 

13.47 

7.53 

12.15 

9.83 

14.03 

11.19 

13.65 

12.54 

13.75 

10.85 

11.23 

6.73 

7.77 

9.96 

13.63 

7.97 

9.16 

10.27 

&89 

5.65 

5.35 

17.07 

8.91 

1&08 

12.05 

12.75 

11.93 

10.86 

13.54 

&86 

&20 

9.58 

11.35 

15.68 

16.00 

12.47 

7.81 

12.03 

10.80 

13.53 

10.57 

12.79 

7.88 

13.58 

10.30 

12.08 

5.12 

5.46 

8.04 

12.92 

7.71 

9.01 

9.90 

7.55 

4.35 

3.35 

14.30 

&93 

15.12 

11.30 

11.64 

0.97 

1.21 

.74 

IllinoiaNaTD 

Illinois  No.  9  A 

Illinois  No.  11  B 

0.56 

TlllnniB  No-  12 

.15 
.45 
.54 

Illmnlii  Nn.  19  0 

Tlllnftin  No  25  A 

Illinois  No.  26 

.54 

Illinois  No.  27 

1.77 

Illinois  No.  29  B 

Loo 

Illinois  No.  34  B 

.28 
.'97 

IndiATift  No- 5 

.12 

|ndift.TM^  No-  <^,  X .  .  .  .  . 

TndiftTiA  No-  9  B     . 

.50 

IndiariA  No-  12 

.62   -- 

Indiana  No.  13 

.86 

Indiana  No.  14 

4.66 
.17 
.56 

TndilLTIA  No- 15  X 

Indiana  NOr  16  x 

Indiana  No.  17 

.85 

Kentucky  No.  6 v 

i.  <ii 

Kentuclcy  No.  8 

2.31 

1.92 

.71 

Kentucky  No.  9  B 

Missouri  No.  5 

Ohio  No.  1 

.26  ' 

Ohio  No.  2 

Ohio  No.  3 

.37    

Ohio  No.  8 

1.34 
1.30 
2.00 
2.77 

Virginia  No.  1 

Virginia  No.  2 

Washington  No.  1 

.02 

Wyorainjr  No.  3 

2.9«i 

.75 

1.11 

WyoTnimr  No.  .■» , 

Average. . .» 

11.19 
35 

10.42 
35 

1.15  i              .71 

28  ,                 7 

The  35  coals  listed  in  Table  5  contain  from  5.35  per  cent  moisture 
in  Virginia  No.  2  to  18.08  per  cent  in  Wyoming  No.  3.  Of  these,  28, 
or  80  per  cent,  contain  more  moisture  in  the  mine  samples  than  in  the 
car  samples,  and  7,  or  20  per  cent,  contain  more  moisture  in  the  car 
samples  than  in  the  mine  samples.  The  average  excess  in  the  mine 
samples  is  1.15  and  the  average  excess  in  the  car  samples  is  0.71. 
The  average  moisture  in  the  mine  samples  is  11.19  per  cent  and  in  the 
car  samples  10.42  per  cent.  The  coefficient  for  correcting  the  moisture 
in  mine  samples  containing  more  than  5  per  cent  so  that  they  will 
represent  commercial  run-of-mine  coal  is  10.42 -^  11.19  =  0.93.  In 
other  words,  when  coals  containing  more  than  5  per  cent  of  moisture 
are  sampled  in  the  mine  by  the  prescribed  method,  the  moisture  to  be 
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expected  in  commercial  run-of-mine  coal  can  be  found  by  multiplying 
the  moisture  content  of  the  sample  as  determined  by  analysis  by  0.93. 

MOISTURE    IN    SCREENED   COAL. 

Table  2  gives  a  complete  list  of  samples  of  screened  coal  received  at 
the  fuel-testing  plant.  By  screened  coal  is  meant  all  coal  that  has 
been  sized  at  the  mine,  and  is  neither  run-of-mine  nor  slack  nor  fine 
coal.  This  includes  lump,  nut,  egg,  and  various  special  sizes,  as  Nos. 
1,  2,  3,  etc.  There  are  67  of  these  coals  on  which  to  base  conclusions; 
41  show  an  excess  of  moisture  in  the  mine  samples,  and  26  an  excess 
in  the  car  samples.  Expressing  these  figures  in  percentages,  we  find 
38.8  per  cent  of  the  coals  with  an  excess  in  the  car  samples,  and  61.2 
per  cent  with  an  excess  in  the  mine  samples.  The  moisture  in  the 
mine  sample  ranges  from  35.78  per  cent  in  a  Texas  lignite  down  to  1.38 
per  cent  in  Indian  Territory  No.  2;  the  moisture  in  the  car  samples 
ranges  from  31.06  per  cent  in  the  same  Texas  lignite  down  to  2.46  per 
cent  in  Pennsylvania  No.  5.  The  average  moisture  in  all  the  mine 
samples  in  the  table  is  9.41  per  cent,  and  the  average  in  the  car  sam- 
ples is  9.17  per  cent.  The  average  excess  in  the  mine  samples  is  1.19 
per  cent,  and  the  average  excess  in  the  car  samples  is  1.26  per  cent. 
These  figures  very  nearly  balance,  so  that  from  the  evidence  at  hand 
the  moisture  in  mine  samples  can  be  considered  to  represent  that  in 
commercial  screened  coal.  For  the  reason  that  a  more  compact  mass 
is  found  in  a  carload  of  the  smaller  sized  coal,  it  is  not  safe  to  predict 
the  moisture  from  the  mine  sample  for  sizes  below  nut  coal.  The 
actual  coeflBcient  for  determining  the  moisture  in  screened  coal  from 
the  moisture  foimd  in  mine  samples  is  9.17-^9.41  =  0.97. 

MOISTURE    IN    SLACK   COAL. 

The  results  on  slack  coal  from  15  mines  are  shown  in  Table  3.  The 
data  are  not  sufficient  to  draw  final  conclusions,  but  the  comparisons 
are  made  here  as  a  matter  of  interest.  Of  these  15  coals,  12  show  an 
excess  of  moisture  in  the  car  samples  and  3  show  an  excess  in  the 
mine  samples.  The  average  moisture  for  all  the  mine  samples  is  6.51 
per  cent,  and  the  average  for  the  car  samples  is  8.47  per  cent.  From 
these  figures  we  get  the  following  coefficient:  8.47-^6.51  =  1.30. 

CONCLUSIONS. 

Summing  up  the  data  on  moisture,  we  find  that  when  the  run-of- 
mine  coals  as  shown  in  Table  1  are  subdivided  into  two  classes  (Tables 
4  and  5),  consisting  of  coals  containing  less  than  5  per  cent  of  moisture 
and  coals  containing  more  than  5  per  cent,  the  following  results  are 
obtained: 

Run-of-mine  coal  containing  less  than  5  per  cent  of  moisture  will 
imder  normal  conditions  gain  some  moisture  when  exposed  to  the 
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weather,  and  if  the  moisture  in  any  mine  sample  taken  by  the  method 
described  above  and  containing  less  than  5  per  cent  be  multiplied  by 
the  coefficient  1.19  the  probable  amount  of  moisture  in  commercial 
run-of-mine  coal  will  be  found.  The  coefficient  for  this  same  class  of 
coal  based  on  the  previous  sampling  was  1.47;  this  figure  is  less  spe- 
cific than  the  new  one,  however,  as  it  was  based  on  other  grades  of 
coal  as  well  as  run-of-mine,  and  should  therefore  be  discarded. 

The  coals  containing  more  than  5  per  cent  of  moisture  in  the  average 
mine  sample  show  a  decided  loss  of  moisture  in  the  car  samples.  The 
coefficient  for  this  class  of  coal  is  0.93.  Therefore  to  determine  the 
amoimt  of  moisture  in  run-of-mine  coal  containing  more  than  5  per 
cent  of  moisture  in  the  mine  sample,  multiply  the  percentage  of 
moisture  in  the  mine  sample  by  0.93.  The  coefficient  for  such  coal 
based  on  the  previous  work  was  0.72,  which  should  be  discarded  for 
the  new  figure,  as  it  was  based  on  various  grades  of  coal  and  not 
entirely  on  run-of-mine.  A  prominent  feature  noted  in  comparing 
these  two  classes  of  coals  is  that  there  seems  to  be  a  tendency  on  the 
part  of  the  high-moisture  coals  and  the  low-moisture  coals  to  approach 
a  common  limit  very  near  5  per  cent.  This  is  shown  by  the  fact  tha'^ 
the  average  loss  in  the  car  samples  of  coal  with  an  original  moisture 
content  of  more  than  5  per  cent  was  1.15  per  cent,  and  the  average 
gain  in  moisture  in  the  coals  with  an  original  moisture  content  of  less 
than  5  per  cent  was  1.30  per  cent,  the  gains  and  losses  very  nearly 
balancing. 

On  reviewing  the  figures  obtained  for  screened  coal  it  is  seen  that, 
as  would  be  expected,  the  screened  coal  will  tend  to  lose  moisture  when 
exposed  under  normal  conditions.  The  coefficient  for  determining 
the  amount  of  moisture  that  may  be  expected  in  the  commercial 
product  is  0.97,  and  therefore  multiplying  the  moisture  in  the  mine 
sample  by  0.97  will  give  the  moisture  in  commercial  coal. 

The  figures  obtained  in  reference  to  slack  coal  are  probably  not 
based  on  sufficient  evidence  to  draw  final  conclusions,  but  slack  is 
generally  rather  wet,  as  it  receives  any  water  that  drains  from  the 
other  sizes  of  coal  while  being  screened.  It  is  certain  that  under 
normal  conditions  slack  coal  contains  a  larger  amount  of  moisture 
than  mine  samples,  but  from  the  evidence  brought  out  in  the  results 
on  high-moisture  run-of-mine  coal  the  slack  is  likely  to  lose  some 
of  the  moisture  added  in  screening,  and  consequently  will  vary 
greatly  under  varying  conditions.  The  coefficient  obtained  is  1.30, 
but,  as  stated,  it  is  based  on  too  meager  data  to  be  reliable. 

Finally,  it  appears  from  all  the  evidence  that  moisture  is  an 
extremely  irregular  constituent  of  coal.  For  this  reason,  in  taking 
mine  samples  great  care  should  be  exercised  to  select  a  dry  place  in 
the  mine  for  cutting  the  sample  and  to  prevent  an  excessive  amount  of 
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moisture  from  getting  into  the  coal  in  the  form  of  water  by  the  drip 
from  the  roof  of  the  mine  or  by  contact  with  the  sample  on  the  floor. 
It  is  of  the  utmost  importance  to  crush  the  sample  in  the  atmosphere 
of  the  mine,  or  where  it  has  been  impossible  to  procure  a  dry  sample, 
to  dry  the  coal  before  crushing  until  all  signs  of  visible  moisture  have 
been  removed.  More  important  than  anything  else  in  this  connec- 
tion is  the  manner  in  which  the  sample  is  packed  for  the  laboratory. 
The  sample  should  be  sealed  in  an  air-tight  glass  jar,  bottle,  or  can. 
To  illustrate  the  importance  of  this  precaution,  duphcate  samples 
containing  9  per  cent  of  moisture  were  sent  to  the  chemical  laboratory, 
one  in  the  regulation  can  provided  by  the  fuel-testing  plant,  and  the 
other  in  a  canvas  sack  such  as  is  ordinarily  used  for  this  purpose. 
The  samples  were  analyzed  at  the  same  time,  and  the  moisture  in  the 
sample  that  had  been  kept  in  the  sack  for  less  than  a  week  was 
approximately  3  per  cent  less  than  in  the  sample  from  the  can. 
Another  sample  was  weighed  in  a  can  and  then  sent  by  mail  from 
St.  Louis  to  Washington  and  back.  It  was  again  weighed  and  the 
result  showed  that  samples  sealed  in  an  air-tight  receptacle  do  not 
undergo  any  loss  in  weight. 

SULPHUR. 

Sulphur  plays  an  important  part  in  sampling  only  when  it  occurs  in 
bands  or  other  consoUdated  masses,  generally  in  the  form  of  pyrites. 
In  most  coals  the  percentage  is  comparatively  small.  The  following 
results  show  what  may  be  expected  when  samples  are  taken  by  the 
method  recommended  in  this  paper: 

SULPHUR   IN   RUN-OF-MINE  COAL. 

Of  the  87  coals  included  in  Table  1 ,  28  show  an  excess  in  the  mine 
samples  and  59  an  excess  in  the  car  samples.  The  average  sulphur 
content  of  the  mine  samples  is  2.04  per  cent,  and  the  average  for  the  car 
samples  is  2.16  per  cent.  From  these  figures  we  get  2.16  -^2.04  =  1.06, 
the  coefficient  of  increase.  For  the  work  of  1904  this  coefficient  was 
1.04,  and  Mr.  Campbell,  in  studying  the  results  of  sampling  for  1904 
and  1905,  combined  the  two  and  found  the  sulphur  coefficient  to  be 
the  same  as  the  one  just  determined — 1.06.  In  order  to  obtain  a  more 
definite  coefficient,  however,  the  sulphur  items  for  82  coals  in  Table  1 
have  been  divided  into  two  classes,  as  shown  in  Table  6,  comprising 
the  coals  containing  less  than  3  per  cent  of  sulphur  in  the  average 
mine  sample,  and  Table  7,  comprising  the  coals  containing  more  than 
3  per  cent. 
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Table  6. — Coals  containing  less  than  S  per  cent  of  sulphur  in  the  average  mine  samples. 


3A 

4  A. 
5... 


Alabama  No.  2B.. 

Alabama  No.  3 

Alabama  No.  4 

Alabama  No.  5 

Alabama  No.  6 

Illinois  No.  11  B... 
lUinoisNo.  19  C... 
lUinoisNo.  34B... 
Indiana  No.  9  B . . . 

Indiana  No.  13 

Indiana  No.  15 

Kentucky  No.  5... 
Kentucky  No.  6... 
Kentucky  No.  8... 
Kentucky  No.  9  B . 
Maryland  No.  1... 
Maryland  No.  2... 
New  Mexico  No. 
New  Mexico  No. 
New  Mexico  No. 

Ohio  No.  3 

Ohio  No.  8 

Pennsylvania  No.  6. . 
Pennsylvania  No.  7 . . 
Pennsylvania  No.  8. . 
Pennsylvania  No.  9. . 
Pennsylvania  No.  11. 
Pennsylvania  No.  12. 
Pennsylvania  No.  13. 
Pennsylvania  No.  16. 
Pennsylvania  No.  17 . 
Pennsylvania  No.  18. 
Pennsylvania  No.  19. 
Pennsylvania  No.  20. 
Pennsylvania  No.  21 . 

Tennessee  No.  1 

Tennessee  No.  2. 
Tennessee  No. 
Tennessee  No. 
Tennessee  No. 

Virginia  No.  1 

Virginia  No.  2 

ViiilnIaNo.6 

Washington  No.  1 

West  Virginia  No.  4B.. 
West  Virginia  No.  13... 
West  Virginia  No.  14... 
West  Virginia  No.  15... 
West  Virginia  No.  17... 
West  Virginia  No.  18... 
West  Virginia  No.  19... 
West  Virginia  No.  20... 
West  Vliiinia  No.  21 . . . 
West  Virginia  No.  22  B. 
West  Virginia  No.  23  A 

Wyoming  No.  4 

Wyoming  No.  5 


3. 

4. 
6. 


Average 

Number  of  samples. 


Ck>aL 


Average  per  cent 


Excess  in— 


ol  sulp] 

Qur  in—    1 

Mine 
samples. 

Car 
samples. 

1.12 
.55 

1.08 

1.40 

.59 

2.46 

.52 

2.36 

3.15 

3.18 

.91 

.67 

.57 

1.18 

2.97 

1.49 

.84 

.73 

.61 

.60 

1.81 

2.84 

1.94 

2.08 

.94 

2.04 

1.18 

2.19 

2.16 

1.59 

1.51 

1.49 

1.05 

2.85 

.«". 

1.58 

.98 

.99 

.98 

.78 

1.15 

.92 

1.21 

.72 

1.07 

.80 

!          1.03 

2.54 

1.45 

.67 

.89 

1.44 

1.32 

.83 

1.35 

.28 

,            .81 

Mine 
samples. 

0.28 

Car 
samples. 

1.40 

.51 

0.04 

1.36 

.28 

.74 

.66 

.58 

.01 

2.82 

.36 

.47 

.05 

1.57 

.79 

2.85 

.30 

2.71 

.47 

.05 

.04 

.52 

.15 

.46 

.11 

1.02 

.16 

2.50 

.47 

1.41 

......... 

.08 

.83 

.01 

.68 

.05 

.57 

.04 

.70 

.01 

1.27 

.54 

2.37 

.47 

1.82 

.12 

1.83 

.25 

l.OC 

.12 

1.90 

.14 

1.70 

.52 

1.20 

.99 

2.04 

.12 

1.46 

.13 

1.46 

.05 

2.15 

.66 
.14 

1.19 

2.66 

.19 

i.09 



.23 

1.13 

.45 

.85 

1 

.13 

.86 

1 

.13 

.8.5 

1. ......... 

.13 

.93 

.15 
.74 

1.89 
.79 

.'i3 

1.52 

.31 

.44 

.28 

.82 

.25 

1.14 

.25 

.92 
2.40 

.ii 

.14 

1.44 
.65 
.65 
1.24 
1.15 
.63 
.91 

':::::::::: 

.01 
1              .02 
.24 
.20 
.17 
.20 
.44 

.29 
.92 

.01 
.11 

1 

1.27 
57 

,          1.36 
'             57 

.26 
16 

.23 
41 

Of  the  coals  containing  less  than  3  per  cent  of  sulphur  in  the  average 
mine  samples,  41  show  an  excess  in  the  car  sample  and  16  show  an 
excess  in  the  mine  sample,  the  average  excass  being  0.23  ]>er  cent  and 
0.26  per  cent,  respectively.  The  average  amount  of  sulphur  contained 
in  the  mine  samples  is  1.27  per  cent,  and  the  corresi)onding  average 
in  the  car  samples  is  1.36  per  cent.  Tho^e  figure.s  show  that  no  groat 
diflFerence  exist^j  between  the  mine  samples  and  the  car  samples  as 
regards  their  sulphur  content.  The  coeflScient  for  this  class  of  coals 
is  1.36  ^1.27  =  1.07. 
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Tablb  7. — Coals  containing  more  than  S  per  cent  of  sulphur  in  the  average  mine  samples. 


Coal. 

Average  per  cent 
of  su^hur  in— 

Excess  in— 

Mine 
samples. 

Car 
samples. 

Mine 
samples. 

Car 
samples. 

Illinois  No.  6  B 

3.78 
4.70 
3.91 
3.22 
3.71 
3.80 
4.38 
3.67 

4.29 
4.53 
4.03 
a48 
4.76 
a  51 
4.05 
4  37 

0.51 

lUinoia  No.  7  D 

a  17 

Illinois  No.  9  A 

.12 

Illinois  No.  12 

.26 

Illinois  No.  25  A 

1.05 

Illinois  No.  26 

.29 
.33 

Illinois  No.  27 

Illinois  No.  29  B 

.70 

Tpdiff^nA  No.  A^ , , , 

4.10  ;          4.27 

-17 

Indiana  No.  6 

3.99 
a  47 

4.39 
.T87 

.40 

Indiana  No.  12 

.40 

Indiana  No.  14 

4. 36            5. 14 
a66  i         4.23 

a87  ;       a65 

4.33  j         5.03 
4.27            4.61 
4.24            4.02 
a  42             3-33 

.78 

Indiana  No.  16 

.57 

Indiana  No.  17 

.22 

Missouri  No.  5 

.70 

Oliio  No.  1 

.34 

Ohio  No.  2 

.22 
.09 

Ohio  No.  6 

a48 
a84 
a40 

a80 
a  87 
a23 

.32 

Pennsylvania  No.  15 

.•••>•••      • 

.03 

.17 

Tennessee  No.  7  A 

a  13        a  26 

.13 

a50 

4.63 
6.88 

4.56 
4.03 
6.66 

1.06 

Wyoming  No.  2  B 

.60 

Wyoming  No.  3 

.22    

a  99             4.20 

.26 
9 

.47 

Niimhnr  of  sAinpU'H    _    

25 

25 

16 

Table  7  comprises  25  coals  containing  more  than  3  per  cent  of 
sulphur  in  the  average  mine  sample.  Nine  of  these  show  an  excess  in 
the  mine  sample  and  16,  nearly  twice  as  many,  show  an  excess  in 
the  car  sample.  The  average  sulphur  contained  in  the  mine  samples 
is  3.99  per  cent,  and  the  average  for  the  car  samples  is  4.20.  The 
average  excess  in  the  mine  samples  is  0.26,  and  the  average  excess  in 
the  car  samples  0.47  per  cent.  This  would  indicate  that  in  dealing 
with  coals  having  a  high  sulphur  content  the  chances  are  in  favor  of 
the  mine  sample  being  taken  with  too  great  an  amount  of  care  in  dis- 
carding sulphur  partings.  The  coefficient  for  correcting  the  sulphur 
show^n  by  the  mine  sample  is  4.20 -j- 3.99=  1.05. 

SULPHUR  IN  SCREENED  COAL. 

Screened  coal  for  sampling  was  obtained  from  67  mines.  Of  these 
coals,  16,  or  24  per  cent,  show  ^n  excess  of  sulphur  in  the  mine  samples, 
and  51,  or  76  per  cent,  an  excess  in  the  car  samples,  the  average 
exce.ss  being  0.31  and  0.42  per  cent  for  the  mine  samples,  and  car 
samples,  respectively.  This  indicates  that  in  screened  coal  the  sul- 
phur can  be  expected  generally  to  show  an  increase  in  commercial 
coal  over  that  in  the  mine  sample.  The  increase  is  slight,  however, 
the  average  sulphur  in  the  car  samples  being  2.57  per  cent,  and  the 
average  sulphur  in  the  mine  samples  being  2.32  per  cent.  From  these 
averages  we  get  the  coefficient  of  increase,  2.57  -^  2.32  =  1.10.  There- 
fore, to  determine  the  amount  of  sulphur  that  may  be  expected  in 
commercial  screened  coal  (lump,  nut,  etc.),  multiply  the  amount  shown 
ID  the  mine  sample  by  1.10. 
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SULPHUR   IN   SLACK   COAL. 

As  already  noted,  at  only  15  mines  were  samples  of  slack  coal 
obtained  on  which  to  base  conclusions,  and  this  number  is  manifestly 
insufficient.  Of  the  15  coals,  however,  10,  or  approximately  67  per 
cent,  show  more  sulphur  in  the  mine  samples  than  in  the  car  samples; 
the  balance,  or  about  33  per  cent,  show  more  sulphur  in  the  car 
samples  than  in  the  mine  samples.  Most  of  the  coals  in  this  list  are 
comparatively  low  in  sulphur,  the  smallest  amount  noted  in  the  car 
samples  being  0.63  per  cent,  and  the  maximum  in  the  car  samples  4.70 
per  cent.  The  average  for  the  car  samples  is  1.95  per  cent,  and  for  the 
mine  samples  2.16  per  cent.  The  average  excess  in  the  car  samples 
is  0.18  per  cent,  and  in  the  mine  samples  0.41  per  cent.  The  correc- 
tion coefficient  obtained  from  the  averages  is  1.95-^2.16  =  0.90. 

CONCLUSIONS. 

The  differences  in  sulphur  between  mine  samples  and  commercial 
coal  will  in  most  cases  be  slight,  provided  too  much  care  is  not  used 
in  excluding  sulphur  in  partings  and  concretions  from  the  sample. 
In  the  above  results  the  sulphur  in  the  run-of-mine  samples  very 
nearly  balances,  the  correction  coefficient  being  1.07  for  the  coals 
showing  less  than  3  per  cent  of  sulphur  in  the  mine  samples  and  1.06 
for  those  containing  more  than  3  per  cent.  With  the  screened  coal, 
the  actual  results  show  more  sulphur  than  in  the  run-of-mine  coal, 
but  the  differences  between  mine  samples  and  car  samples  remain 
slight,  the  coefficient  determined  being  1.10.  Of  course,  the  sulphur 
content  in  coal  of  this  class  will  vary  slightly,  depending  on  the  grade 
of  coal  and  the  size  of  the  screen  through  which  it  is  passed,  as  well 
as  the  form  in  which  the  sulphur  occurs.  If  the  sulphur  comes  from 
the  mine  in  large  pieces  of  a  uniform  size,  it  will  pass  into  the  coal 
of  corresponding  size  and  the  other  grades  will  show  less  sulphur. 
On  this  account  it  will  be  difficult  to  predict  the  amount  of  sulphur 
that  is  likely  to  be  found  in  any  particular  size. 

Contrary  to  expectation,  the  slack-coal  results  show  more  sulphur 
in  the  mine  samples  than  in  the  cars.  This  is  to  be  accounted  for  by 
the  fact  that  comparatively  few  samples  were  examined  and  by  the 
low  average  sulphur  content  of  the  coals  forming  this  group  of  sam- 
ples. As  with  screened  coal,  the  form  in  which  the  sulphur  occurs 
will  have  a  great  deal  to  do  with  the  amount  to  be  foimd  in  slack 
coal,  and  the  coefficient  0.90  is  of  value  only  in  studying  the  results 
on  this  particular  set  of  samples  of  slack  coal. 

ASH, 
ASH    IX    RUN-OF-MINE    COAL. 

By  far  the  most  important  impurity  in  coal  affecting  any  method 
of  sampling  is  the  ash  due  to  extraneous  matter  associated  with  the 
coal.    The  results  of  the  systematic  sampling  of  the  iiispectors  of  the 
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fuel-testing  plant  show  that  the  variation  in  ash,  while  the  greatest 
in  amount,  is  the  most  constant.  According  to  Table  1,  80  coals 
show  an  excess  of  ash  in  the  car  samples  and  6  show  an  excess  in  the 
mine  samples;  in  one  coal  the  ash  is  equal  in  the  average  of  the 
mine  samples  and  the  car  sample.  The  maximum  amount  of  ash 
noted  in  the  car  samples  is  20.79  per  cent  and  the  minimum  2.76  per 
cent;  the  maximum  for  the  mine  samples  is  21.43  per  cent  and  the 
minimum  2.14  per  cent.  The  average  for  the  mine  samples  is  7.54 
per  cent  and  the  average  for  the  car  samples  10.21  per  cent.  These 
figures  indicate  that  the  coal  samples  have  a  considerable  range  in 
their  ash  content,  and  on  this  account  the  run-of-mine  samples,  ex- 
clusive of  lignites,  have  been  divided  into  two  classes,  those  contain- 
ing less  than  7  per  cent  of  ash  (Table  8)  and  those  containing  more 
than  7  per  cent  (Table  9). 

Table  8.—  Coals  containing  less  than  7  per  cent  of  ash  in  the  average  mine  samples. 


Coal. 


Alabama  No.  4 

Alabama  No.  5 

Alabama  No.  6 

Kentucky  No.  5 

Kentucky  No.  6 

Kentucky  No.  8 

Maryland  No.  2 

Ohio  No.  3 

Ohio  No.  8 

Ohio  No.  12 

Pennsylvania  No.  8 

PeJinsylvania  No.  11 . . . 
Pennsylvania  No.  12. . . 
Pennsylvania  No.  19. . . 

Tennessee  No.  1 

Tennessee  No.  2 

Tenness<»e  No.  3 

TennesstM*  No.  4 

Tennessee  No.  6 

Virginia  No.  1 

Virginia  No.  2 

Virginia  No.  6 

West  Virginia  No.  4  B  . 
West  Virginia  No.  13... 
West  Virginia  No.  14... 
West  Virginia  No.  15... 
West  Virginia  No.  17... 
West  Virginia  No.  18... 
West  Virginia  No.  19... 
West  Virginia  No.  20... 
West  Virginia  No.  21... 
West  Virginia  No.  22  B 
West  Virginia  No.  23  A 

Wyoming  No.  4 

Wyoming  No.  .'> 


Average 

Numlx»r  of  sjnnples, 


Average  per  cent 
of  ash  in- - 

Excess  In— 

Mine     \ 
samples. 

Car 
samples. 

Mine 
samples. 

Car 
samples. 

2.80 
3.43 

12.92 

1&08 
0.83 
a  70 
2.76 
7.92 
7.09 

11.58 
8.37 
9.67 
a63 
7.29 
9.25 
8.36 

11.15 
6.81 
7.05 
9.53 

14.43 
4.87 
5.58 
9.79 

10.11 

iai2 

12.65 

a  16 

1.04 

.62 

ao4 

.87 
5.51 
a45 

3.67 

, 

2.66 

2.14 
4.88 
6.22 

6.07 

4.92 

■          6.40 

a27 

5.58 
6.14 
5.  75 

1.05 

1.15 

a50 

6.29 

2.07 

5.78 

5.37 

2.89 

aQ2 

3.41 

a6i 

Ck41 

ai2 

5.33 

9.10 

5.71 

0.84 

3.49 

2.09 

4.55 

5.24 

5.69 

4.42 

1          3.88 

a  91 

.03 

5.74 

a27 
8.55 
8.12 
5.83 
.•i.  01 

2.47 

5.64 

2.91 

6.46 

1.66 

5.83 

i          2.50 

2.51 

4. 83             7. 83 
3. 87             4. 85 
5.96  '          7.82 

4.92  8.10 
5. 13             7. 31 

2.93  a  41 

aoo 

.96 

1.86 

a  18 

2.18 

.48 

4.80 
35 

7.  7( 

ai 

1.65 

2 

a  35 

32 

Of  the  82  coals  considered,  35  contain  less  than  7  per  c^nt  of  ash. 
Of  these,  82  sliow  an  excels  in  the  car  sample  and  only  2  show  an  ex- 
cess in  the  mine  sample.  In  one  of  the  coals  showing  an  excess  in 
the  mine  sample  (Virginia  No.  1)  the  excess  was  only  0.84  per  cent 
and  is  unimportant  so  far  as  it  affects  the  general  results.  This  slight 
excess  Is  probably  due  to  the  fact  that  the  mine  from  which  the  sample 
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was  takeD  was  only  a  prospect  and  the  place  in  the  mine  from  which 
the  sample  was  taken  was  too  near  the  outcrop,  the  car  sample  being 
taken  from  cleaner  coal  farther  in  the  mine.  The  other  coal  showing 
an  excess  of  ash  in  the  mine  sample  is  West  Viiginia  No.  14,  the  mine 
sample  of  which  contained  2.47  per  cent  more  ash  than  the  car  sam- 
ple. In  this  mine  the  coal  was  taken  out  with  the  greatest  care  and 
thisj  coupled  with  the  fact  that  the  sampler  secured  too  much  a^ 
in  all  of  his  sampling,  probably  accounts  for  the  discrepancy. 

The  average  ash  in  the  mine  samples  included  in  Table  8  ia  4.80 
per  cent  and  the  average  in  the  car  samples  is  7.77  per  cent.  Divid- 
ing 7.77  by  4.80  gives  1.618,  the  coefficient  for  multiplying  the  ash 
shown  hy  a  mine  sample  containing  less  than  7  per  cent  to  determine 
the  amount  of  ash  that  may  be  expected  in  the  commercial  run-of- 
mine  coal. 
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Of  82  coals  sampled  as  run-of-mine  (see  p.  489)  47  contain  more  than 
7  per  cent  of  ash  in  the  average  mine  sample,  2  of  which  show  an  excess 
in  the  mine  sample  and  45  an  excess  in  the  car  sample.  The  excess  in 
the  two  mine  samples  referred  to  is  insignificant  (less  than  1  per  cent), 
so  that  on  the  whole  these  results  confirm  the  statement  that  in  this 
grade  of  coal  mine  samples  contain  less  ash  than  commercial  coal. 

The  average  ash  contained  in  the  mine  samples  Usted  in  Table  9  is 
9.50  per  cent  and  the  average  for  the  corresponding  car  samples  is 
12.19  per  cent.  From  these  averages  we  get  12.19-5-9.50=1.283,  the 
coefficient  for  coals  containing  more  than  7  per  cent  of  ash. 

ASH   IX    SCREENED   COAL. 

An  examination  of  Table  2  reveals  the  fact  that  of  the  67  samples 
of  screened  coal  6  show  an  excess  of  ash  in  the  mine  sample  and  61 
an  excess  in  the  car  sample.  The  excess  in  the  mine  samples  is 
probably  due  to  the  character  of  the  slate  and  other  ash-forming 
impurities  and  to  the  kind  and  size  of  the  screens  employed  in  each 
case.  The  greatest  amount  of  ash  recorded  for  the  car  samples  of 
screened  coal  is  23.38  per  cent  a'ad  the  minimum  for  the  car  samples 
is  2.37  per  cent.  The  greatest  amoimt  of  ash  noted  in  the  mine  sam- 
ples is  12.70  per  cent  and  the  minimum  2.78  per  cent.  The  average 
for  the  car  samples  is  11.20  per  cent  and  the  average  for  the  mine 
samples  8.14  per  cent.  These  averages  give  11.20-^8.14=1.376  as 
the  coefficient  for  this  grade  of  coal. 

ASH   IN    SLACK   COAL. 

Table  3  includes  only  15  coals  sampled  as  slack  coal,  of  which  13 
show  a  decided  increase  in  ash  in  the  car  samples  and  2  an  excess  in 
the  mine  samples.  These  two  mine  samples  were  taken  from  the 
same  mine,  which  is  working  a  bed  of  anthracite(?)  coal  near  Blacks- 
burg,  Va.  They  were  compared  with  prepared  sizes  of  the  coal,  so 
the  comparison  can  hardly  be  considered  a  fair  one.  The  greatest 
amount  of  ash  noted  in  the  car  samples  is  25.30  per  cent  and  the 
car  sample  showing  the  smallest  amoimt  of  ash  contains  5.85  per 
cent,  the  average  being  15.94  per  cent.  Compared  with  the  car  sam- 
ples are  mine  samples  ranging  from  5.64  per  cent  up  to  19.79  per 
cent,  the  average  being  9.97  per  cent.  Exclusive  of  the  Virginia 
anthracite  referred  to  above  the  averages  are  for  the  car  samples 
15.75  per  cent  and  for  the  mine  samples  8.46  per  cent.  Dividing 
15.75  by  8.46  gives  1.861,  the  coefficient  for  slack  coal. 

CONCLUSIONS. 

The  results  of  the  comparison  of  the  ash  in  the  mine  samples  with 
the  ash  in  the  car  samples  show  the  greatest  and  most  constant  vari- 
ation of  all  the  impurities  in  the  coals  examined.    The  best  compar- 
isons  are,  of  course,  on  the  run-of-mine  coal,  and  indicate  Ui&t  the 
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ash  will  run  higher  in  this  grade  of  coal  as  marketed  than  in  the 
mine  sample.  The  coefficients  determined,  however,  are  sufficiently 
accurate  for  correcting  the  mine  samples,  provided  they  are  taken 
by  the  method  already  recommended. 

With  regard  to  screened  coal,  the  results  are  considered  imcertain, 
and  although  the  coefficient  determined  for  this  class  of  coal  may  be 
applied  to  mine  samples  for  screened  coal  in  general  as  compared  to 
run-of-mine  coal,  it  is  not  recommended  that  it  be  used  for  a  specific 
grade  of  coal,  such  as  lump  or  nut. 

The  coefficient  determined  for  ash  in  slack  coal,  nearly  2,  is  con- 
sidered good  for  determining  the  amoimt  of  ash  in  this  grade  of  coal 
when  it  contains  a  large  amoimt  of  fine  dust,  but  it  will  probabty  be 
foimd  that  the  coefficient  will  not  give  accurate  results  for  special 
grades  of  slack  or  for  coals  free  from  fine  shale  partings  and  with 
good  roofs  and  floors. 

COEFFICIENTS. 

The  subjoined  table  contains  all  the  coefficients  determined  from 
the  results  published  in  this  paper.  In  this  table  the  coefficients 
having  a  (?)  after  them  are  considered  unreliable. 

Coefficients  for  correcting  mine  samples  approximately  to  commercial  coal. 

Moisture: 

For  run-of-mine  coal  with  less  than  5  per  cent  in  mine  sample 1. 19 

For  run-of-mine  coal  with  more  than  5  per  cent  in  mine  sample 93 

For  screened  coal  (lump,  egg,  nut,  etc.) 97 

For  slack  coal ^ ...  1. 30  (?) 

Sulphur: 

For  run-of-mine  coal  with  less  than  3  per  cent  in  mine  sample 1. 07 

For  run-of-mine  coal  with  more  than  3  per  cent  in  mine  sample . 1. 06 

For  screened  coal  (lump,  egg,  nut,  etc.) 1. 10 

For  slack  coal 90  ( ?) 

Ash: 

For  run-of-mine  coal  with  less  than  7  per  cent  in  mine  sample 1. 62 

For  run-of-mine  coal  with  more  than  7  per  cent  in  mine  sample 1. 28 

For  screened  coal 1. 37 

For  slack  coal 1. 86 

EXPERIMKNTAIi  SAMPIilNG. 

In  order  to  demonstrate  the  variation  in  samples  of  coal,  and  the 
variation  due  to  the  different  methods  of  treatment  in  sampling,  the 
inspectors  of  the  fuel-testing  plant  have  carried  on  the  experiments 
described*in  the  following  paragraphs  at  a  mine  in  Williamson  County, 
111.  The  coal  in  this  mine  is  very  hard,  has  a  "blue  band^'  of  shale 
or  clay  near  the  bottom,  and  carries  several  small  partings  of  bone. 
The  ash  content  runs  from  6  to  10  per  cent,  the  sulphur  ranges  from 
0.5  to  nearly  2  per  cent,  and  the  moisture  is  about  9  per  cent.  Fig. 
6  shows  the  sections  of  the  coal  bed  at  the  places  where  the  samples 
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were  cut,  as  well  as  a  nutp  of  that  portion  of  the  mine  in  which  the 
samples  were  taken.     On  the  map  the  letters  A,  B,  C,  etc.,  indicate 


Fio.  6.— Map  of  mine  and  section*  of  coal  osed  In  tampUng  experiments. 

the  Jocation  of  the  corresponding  sections,  also  lettered  in  the  same 
manner. 
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The  instructions  for  carrying  on  the  experiments,  the  results  of 
which  appear  in  Table  10,  were  as  follows: 

Experiment  No.  1 :  Take  five  samples  in  the  usual  manner  (see  mine-sampling,  p.  487) 
about  500  feet  apart  in  a  straight  line  in  that  portion  of  the  mine  nearest  the  largest 
unworked  body  of  coal.  The  rejected  quarters  of  these  samples  are  to  be  thoroughly 
mixed  into  one  sample  for  analysis,  the  rejected  quarters  of  the  composite  sample  to  be 
placed  in  a  sack  and  sent  to  the  chemical  laboratory  for  analysis. 

Experiment  No.  2:  At  the  place  from  which  one  of  the  above  samples  were  taken 
[see  map,  fig.  6,  D]  secure  another  sample,  crushing  it  in  the  usual  manner  to  ^-inch 
mesh,  and  quarter  down  to  two  samples;  place  each  half  in  a  separate  can,  and  the 
rejected  quarters  in  sacks,  quartering  down  if  necessary  to  secure  the  necessary  amount. 

Experiment  No.  3:  From  the  same  place  in  the  mine  secure  as  small  a  sample  as 
possible  to  represent  the  total  height  of  the  bed  and  treat  it  in  the  usual  manner, 
carefully  noting  the  weight  of  the  sample. 

Experiment  No.  4:  From  the  same  point  [D]  cut  a  sample  from  that  part  of  the  bed 
above  the  blue  band,  and  one  from  that  part  of  the  bed  below  the  blue  band,  and  place 
them  in  separate  cans,  sending  the  rejected  quarters  to  the  laboratory  in  sacks.o 

Experiment  No.  5:  From  the  same  point  [D]  cut  one  sample  the  entire  height  of 
the  bed,  including  the  blue  band.  Break  down  to  J-inch  mesh  and  then  halve  the 
sample  by  quartering.  Prepare  one  half  in  the  usual  manner  and  place  in  can.  Then 
crush  the  remaining  half  to  J-inch  size,  and  quarter  down  to  can  size.  Place  the 
rejected  quarters  of  both  these  samples  in  separate  sacks  and  send  to  the  laboratory 
for  analysis. 

Experiment  No.  6:  From  the  same  point  in  the  mine  [D]  cut  another  sample  and 
break  up  the  largest  lumps  to  not  less  than  IJ-inch  cubes  and  place  the  entire  sample 
in  a  sack  without  crushing  in  the  usual  manner. 

The  results  of  these  experiments  are  shown  in  Table  10.  The 
"kind  of  sample'^  refers  to  the  way  in  which  the  sample  was  packed 
for  the  laboratory.  The  regular  metal  cylinder  with  screw  top 
sealed  with  adhesive  tape  was  used  for  those  samples  marked  ''Can" 
and  a  Hght-weight  canvas  sack,  such  as  is  ordinarily'  used  for  this 
purpose,  was  used  for  the  samples  marked  ''Sack.'' 

Table  10. — Results  of  experimental  sampling. 


Kind  of  sample . . 
Location  in  mine. 


Laboratory  No 

Wei^t  of  gross  sample 


(pounds) 
[Hsture... 


Moi 

Volatile  matter. 

Fixed  carbon . . . 

Ash 

Sulphur 


Can 
A 
3629 

37 

8.72 

3a  38 

53.28 

7.fi2 

1.00 


Experiment  No.  1.     {See  map,  flg.  e^.) 


Individual  samples. 


Can 
B 
3628 

36 

&80 

29.98 

52.77 

8.45 

1.58 


Can 
C 
3630 

37 

9.02 

29.76 

52.79 

8.43 

1.15 


Can 
D 
3631 

39 

&63 

3a  02 

52.95 

8.40 

.  w 


Can 
£ 
3632 

39 

&88 

29.49 

53.60 

8.03 

.99 


Composite  sample. 


Can 
fA,  B,  C, 
iD.andE 
3633 


9.00 

28.83 

5412 

a  05 

1.17 


Sack 
A,  B,  C, 
D,andE 
3677 


Experiment 
No.  2. 

First  '  Second 
bHifof  half  of 
sample,  sample. 


Can 
D 
3634 

44 

&85 

29.28 

52.60 

9.21 

1.00 


Can 
D 
3635 

44 

9.29 

29.16 

52.95 

Rfip 

1.04 


o  Unfortunately  one  of  these  samples  was  lost  in  the  mail,  so  that  it  was  not  possible  to  make  the 
comparison. 
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Table  10. — Results  of  experimental  sampling — Continued. 


Experiment 
No.  2. 

Experi- 
ment 
No.  3, 

sample 

weighing 
10 

pounds. 

Exiieriment  No.  5. 

Experi- 
ment 
No.  6, 
sample 
ofl^inch 
cubes. 

Car 

From 

first 

half  of 

sample. 

From 

second 

half  of 

sample. 

Through  {-inch 
screen. 

Through  i-inch 
screen. 

sample, 
lump 
coal. 

Kind  of  sample 

Sack 
D 
3675 

44 
7.08 

Sack 
D 
3676 

44 
7.13 

Can 
D 
3636 

10 

&80 

29.85 

53.83 

7.52 

L13 

Can 
D 
3638 

41 

9.00 

29.11 

52.19 

9.70 

L40 

Sack 
D 
3670 

41 
&99 

'"*9.'34' 
1.50 

Can 
D 
3637 

41 

&90 

29.29 

52.13 

a68 

1.37 

Sack 
D 
3671 

41 
a79 

Sack 
D 
3672 

Location  in  mine 

Laboratory  No 

3789 

Weight  of  gross  sample 
(pounds) 

Moisture. '. 

6.73 

7.78 

Volatile  matter 

29.85 

Fixed  carbon 

52.39 

Ash 

&87 
1.12 

&92 
L07 

9.48 
L44 

9.07 
LS2 

ft98 

Sulphur 

L32 

Experiment  No.  1  was  made  to  see  to  what  extent  samples  from 
the  same  coal  bed  varied  over  a  small  area  of  the  mine  and  also  to  see 
how  the  average  of  a  number  of  samples  compared  with  a  composite 
sample  made  up  of  parts  of  the  individual  samples.  A  glance  at 
Table  10  shows  that  the  moisture  in  the  five  samples  collected  from 
the  mine  showed  but  slight  variation,  ranging  from  8.63  per  cent 
in  sample  D  to  9.02  per  cent  in  sample  C.  In  these  same  samples 
the  ash  varied  less  than  1  per  cent  and  the  sulphur  a  little  over  0.5 
per  cent.  These  results  indicate  that  when  the  coal  is  fairiy  regular, 
one  or  two  samples  taken  by  the  method  already  recommended  will 
suffice  in  judging  the  quality  of  the  coal.  The  composite  sample, 
composed  of  the  discarded  portions  of  the  five  individual  samples, 
compares  very  well  with  the  average  of  those  samples.  The  moisture 
in  the  composite  sample  shows  9  per  cent,  as  compared  with  8.81  per 
cent,  the  average  for  the  five  samples;  the  ash  in  the  composite  sample 
is  8.05  per  cent,  as  compared  with  the  average  of  8.18  per  cent  for  the 
five  samples;  and  there  is  1.17  per  cent  of  sulphur  in  the  composite 
sample,  as  compared  with  1.14  per  cent  for  the  average  sulphur  in 
the  five  samples  taken  separately. 

A  striking  and  important  result  in  experiment  No.  1  is  the  compari- 
son of  the  moisture  in  the  composite  sample  sealed  in  a  metal  can 
with  that  in  the  discarded  portions  of  this  sample  that  were  sent  to 
the  chemical  laboratory  in  an  ordinary  canvas  sack.  The  moisture 
in  the  can  sample  is  9  per  cent ;  in  the  sack  sample  6.97  per  cent.  This 
is  a  considerable  loss  in  moisture,  due  to  the  method  of  packing, 
and  the  result  not  only  misrepresents  this  important  constituent,  but 
affects  the  whole  analysis. 

Experiment  No.  2  was  made  with  the  object  of  showing  the  impor- 
tance of  thoroughly  mixing  mine  samples.  In  collecting  the  sample, 
one  cut  was  made  from  the  face  of  the  coal,  and  the  sample  crushed 
and  halved  by  quartering.     As  shown  by  the  analysis  in  Table  10, 


UNIFORM    AND    SYSTEMATIC    COAL-MINE    SAMPLING.  517 

the  results  are  not  equal  witliin  the  error  of  the  chemical  determina- 
tions involved,  there  being  a  difference  of  0.44  per  cent  in  moisture, 
0.61  per  cent  in  ash,  and  0.04  per  cent  in  sulphur.  The  sack  samples 
obtained  in  this  experiment  show  about  the  same  loss  in  moisture  as 
the  sack  sample  obtained  in  experiment  No.  1.  The  ash  shows  a 
smaller  difference  than  the  can  samples  and  the  sulphur  is  greater. 
This  would  seem  to  indicate  that  the  difference  between  the  two  can 
samples  in  experiment  No.  2  is  due  to  some  extent  to  the  amount 
of  moisture  they  contained. 

Experiment  No.  3  was  made  for  the  purpose  of  determining  to 
what  extent  the  quantity  of  coaL taken  for  a  sample  affects  the  analy- 
sis. Ten  pounds  of  coal  was  taken  in  this  experiment,  about  40 
pounds  being  cut  for  the  other  samples.  The  analysis  shows  much 
less  ash  in  this  sample  than  in  the  others — 7.52  per  cent,  as  compared 
with  9.98  per  cent  in  the  car  sample  of  lump  coal.  The  other  con- 
stituents, however,  compare  favorably  with  those  in  the  heavier 
samples.  The  results  of  this  experiment  only  emphasize  the  neces- 
sity of  taking  large  samples. 

Experiment  No.  5  was  made  to  learn  to  what  extent  the  fineness  of 
crushing  affects  the  results.  *  Half  of  the  sample  was  crushed  finer 
than  one-half  inch,  and  the  other  half  finer  than  one-fourth  inch. 
The  analytical  results  show  that  the  difference  due  to  different  fine- 
ness of  crushing  is  insignificant  below  one-half  inch.  The  sack  sam- 
ples taken  in  this  experiment  both  lost  about  the  same  amount  of 
moisture,  showing  also  that  there  is  very  little  difference  in  the  drying 
out  of  one-half  inch  and  one-fourth  inch  coal. 

In  experiment  No.  6  a  sample  of  IJ-inch  cubes  was  sent  to  the 
laboratory  in  a  sack,  to  see  if  forwarding  the  sample  without  crush- 
ing would  assist  it  to  retain  moisture.  The  results  of  this  experiment 
show  a  greater  loss  of  moisture  than  in  any  of  the  others,  the  amount 
contained  in  this  sample  being  6.73  per  cent.  The  ash  content  is 
9.07  per  cent  and  the  sulphur  1.52  per  cent 
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Papers  general  in  scope  are  given  first,  then  those  dealing  with 
restricted  areas,  listed  in  chronologic  order  under  the  States  arranged 
alphabetically. 

The  citation  of  a  folio  of  the  Geologic  Atlas  of  the  United  States 
indicates  that  coal  is  found  in  the  area  and  is  more  or  le^s  fully  treated 
according  to  its  economic  importance. 

STATISTICAL. 

The  reports  on  coal  in  the  volumes  of  Mineral  Resources  of  the 
United  States  contain,  in  addition  to  statistical  matter,  various  other 
information.  The  statistics  are  given  for  the  United  States  as  a 
whole  and  for  the  States  severally  in  alphabetic  arrangement. 

Mineral  Resources  of  the  United  States.  Albert  Williams,  jr.  [For  1882-3],  1883: 
coal,  pp.  1-107.  Calendar  years  1883  and  1884,  1885:  coal,  pp.  11-143;  the  manufcu;- 
ture  of  coke,  by  J.  D.  Weeks,  pp.  144-213.  Calendar  year  1885, 1886:  coal,  pp.  10-73; 
the  manufacture  of  coke,  by  J.  D.  Weeks,  pp.  74-129. 

Mineral  Resources  of  the  United  States.  David  T.  Day.  Calendar  year  1886, 1887 : 
coal,  by  C.  A.  Ashbumer,  pp.  224-377;  the  manufacture  of  coke,  by  J.  D.  Weeks,  pp. 
378-438.  Calendar  year  1887, 1888:  coal,  by  C.  A.  Ashbumer,  pp.  168-382;  the  manu- 
facture of  coke,  by  J.  D.  Weeks,  pp.  383-435.  Calendar  year  1888,  1890:  coal,  by  C. 
A.  Ashburner,  pp.  168-394;  the  manufacture  of  coke,  by  J.  D.  Weeks,  pp.  39&-441. 
Calendar  years  1889  and  1890,  1892:  coal,  by  E.  W.  Parker,  pp.  145-286.  Calendar 
year  1891,  1893:  coal,  by  E.  W.  Parker,  pp.  177-356;  the  manufacture  of  coke,  by 
J.  D.  Weeks,  pp.  357-402.  Calendar  year  1892,  1893:  coal,  by  E.  W.  Parker,  pp. 
263-550;  the  manufacture  of  coke,  by  J.  D.  Weeks,  pp.  551-602.  Calendar  year 
1893, 1894:  coal,  by  E.  W.  Parker,  pp.  187-414;  manufacture  of  coke,  by  J.  D.  Weeks, 
pp.  415-460. 

Mineral  Resources  of  the  United  States,  1894,  nonmctallic  products.  Sixteenth  Ann. 
Rept.,  pt.  4,  1895:  coal,  by  E.  W.  Parker,  pp.  1-217;  manufacture  of  coke,  by  J.  D. 
Weeks,  pp.  218-304;  origin,  distribution,  and  commercial  value  of  peat  deposits,  by 
N.  S.  Shaler,  pp.  305-314. 

Mineral  Resources  of  the  United  States,  1895.  Seventeenth  Ann.  Rept.,  pt.  3, 
1896:  coal,  by  E.  W.  Parker,  pp.  285-542;  coke,  by  J.  D.  Weeks,  pp.  543-620. 

Mineral  Resources  of  the  United  States,  1896.  Eighteenth  Ann.  Rept.,  pt.  5, 1897: 
coal,  by  E.  W.  Parker,  pp.  351-632;  coke,  by  E.  W.  Parker,  pp.  659-746. 
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Mineral  Resources  of  the  United  States,  1897.  Nineteenth  Ann.  Rept.,  pt.  6, 1898: 
cool,  by  E.  W.  Parker,  pp.  273-643;  coke,  by  E.  W.  Parker,  pp.  545-642. 

Mineral  Resources  of  the  United  States,  1898.  Twentieth  Ann.  Rept.,  pt.  6,  1899: 
coal,  by  E.  W.  Parker,  pp.  295-507;  coke,  by  E.  W.  Parker,  pp.  509-608. 

Mineral  Resources  of  the  United  States,  1899.  Twenty-first  Ann.  Rept.,  pt.  6, 1901: 
coal,  by  E.  W.  Parker,  pp.  321-519;  coke,  by  E.  W.  Parker,  pp.  521-633. 

Mineral  Resources  of  the  United  States.  David  T.  Day.  Calendar  year  1900, 1901: 
coal,  by  E.  W.  Parker,  pp.  273-457;  coke,  by  E.  W.  Parker,  pp.  459-536.  Calendar 
year  1901,  1902:  coal,  by  E.  W.  Parker,  pp.  279-449;  coke,  by  E.  W.  Parker,  pp.  451- 
523.  Calendar  yeaf  1902,  1904:  coal,  by  E.  W.  Parker,  pp.  289-447;  coke,  by  E.  W. 
Parker,  pp.  449-515.  Calendar  year  1903, 1904:  coal,  by  E.  W.  Parker,  pp.  351-538;  coke, 
by  E.-  W.  Parker,  pp.  539-608.  Calendar  year  1904,  1905:  coal,  by  E.  W.  Parker,  pp. 
381-577;  coke,  by  E.  W.  Parker,  pp.  579-648;  peat,  by  H.  H.  Hindshaw,  pp.  1229- 
1234.  Calendar  year  1905,  1906:  coal,  by  E.  W.  Parker,  pp.  453-714;  coke,  by  E. 
W.  Parker,  pp.  715-766;  peat,  by  M.  R.  Campbell,  pp.  1319-1322. 

TECHNOLOGICAL. 

Preliminary  report  on  the  operations  of  the  coal-testing  plant  of  the  United  States 
Geological  Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1894,  E.  \V. 
Parker,  J.  A.  Holmes,  M.  R.  Campbell,  committee  in  charge.  Bull.  No.  261,  1905. 
172  pp. 

Survey  work  on  coal  during  1905,  by  M.  R.  Campbell.  Bull.  No.  285,  1906,  pp. 
20a-210. 

Qivcs  a  abort  account  of  geologic  work  on  coal  areas  in  1905,  of  the  worlc  of  the  fuel-tenting  division, 
and  of  the  classification  of  coals. 

Preliminary  report  on  the  operations  of  the  fuel-testing  plant  of  the  United  States 
Geological  Survey  at  St.  Louis,  Mo.,  1905.  J.  A.  Holmes,  in  charge.  Bull,  No.  290, 
1906.    240  pp. 

Report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  Geological 
Sur\'ey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904.  E.  W.  Parker, 
J.  A.  Holmes,  M.  R.  Campbell,  committee  in  charge.  Prof.  Paper  No.  48,  1906.  (In 
three  parts.)     1492  pp. 

AREAL. 

OEHEKAL. 

General  account  of  the  fresh-water  morasses  of  the  United  States,  with  a  descrip- 
tion of  the  Dismal  Swamp  district  of  Virginia  and  North  Carolina,  by  X.  S.  Shalcr. 
Tenth  Ann.  Rept.,  1890,  pp.  303-304. 

Discusses  briefly  the  utilization  of  peat. 

The  coal  fields  of  the  United  States,  by  C.  W.  Hayes.  Twenty-second  Ann.  Rept., 
pt.  3,  1902,  pp.  7-24. 

Distribution  and  geologic  relations  of  the  various  coal  fields  in  the  United  States,  clasaiflcution  of 
coals,  production,  and  marlceting. 

The  northern  Appalachian  coal  field,  by  David  White,  M.  R.  Campbell,  and  R.  M. 
Haseltine.    Twenty-second  Ann.  Rept.,  pt.  3,  1902,  pp.  119-226. 

The  southern  Appalachian  coal  field,   by  C.   W.   Hayes.     Twenty-8<*cond  Ann. 

Rept.,  pt.  3,  1902,  pp.  227-263. 

An  account  of  the  stratigraphy,  distribution,  and  character  of  the  coals  of  the  Jellico,  Chattiinooga, 
and  Birmingham  districts,  embracing  parts  of  Kentuclcy,  Tennessee,  Georgia,  and  Alabama. 

The  eastern  interior  coal  field,  by  G.  H.  Ashley.     Twenty-second  Ann.  Rept.,  pt. 

3,  1902,  pp.  '265-305. 

An  account  of  the  coal  field  embracing  parts  of  Indiana,  Illinois,  and  Kentuclcy. 
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The  western  inU'rior  coal  field,  by  H.  F.  Bain.    Twenty-second  Ann.  Rept.,  pt.  3, 

1902,  pp.  333-366. 

An  account  of  the  coal  field  occupying  parts  of  Missouri,  Kansas,  Nebraska,  and  Iowa. 

The  southwestern  coal  field,  by  Joseph  A.  Taff.     Twentynaecond  Ann.  Rept.,  pt.  3, 

1902,  pp;  367-413. 

An  account  of  the  coals  of  Arkansas,  Indian  Territory,  and  northern  Texas. 

The  Rocky  Mountain  coal  fields,  by  L.  S.  Storrs.    Twenty-second  Ann.  Rept., 
pt.  3,  1902,  pp.  415-471. 

The  coal  fields  of  the  Pacific  coast,  by  George  Otis  Smith.    Twenty-second  Ann. 

Rept.,  pt.  3,  1902,  pp.  473-513. 

An  account  of  the  coals  occurring  in  Washington,  California,  and  Oregon. 

Coal  fields  of  the  United  States,  by  C.  W.  Hayes.     Bull.  No.  213,  1903,  pp.  257-269. 
A  general  account  of  the  distribution  and  geologic  relations  of  the  coal  fields,  and  the  classification 

and  marketing  of  coals. 

ALABAMA. 

The  coal  measures  of  Alabama,  by  E.  A.  Smith.    Mineral  Resources  U.  S.  for  1892, 
1893,  pp.  293-300. 

Stevenson  folio,  Alabama-Georgia-Tennessee,  description,  by  C.  W.  Hayes.     Geo- 
logic Atlas  U.  S.,  folio  19,  1895. 

Gadsden  folio,  Alabama,  description,  by  C.  W.  Hayes.     Geologic  Atlas  U.  S.,  folio 
35,  1896. 

The  southern  Appalachian  coal  field,  by  C.  W.  Hayes.     Twenty-8<»cond  Ann.  Rept., 

pt.  3,  1902,  pp.  227-263. 

An  account  of  the  stratigraphy,  distribution,  and  character  of  the  coals  of  the  Jeliico,  Chattanooga, 
and  Birmingham  districts  embracing  parts  of  Kentucky,  Tennessee,  Georgia,  and  Alabama. 

The  Warrior  coal  basin  in  the  Brookwowl  quadrangle,  Alabama,  by  Charles  Butts. 
Bull.  No.  260,  1905,  pp.  357-381. 

The  Warrior  coal  basin  in  the  Birmingham  quadrangle,  Alabama,  by  Charles  Butts. 
Bull.  No.  285,  1906,  pp.  211-222. 

ARIZONA. 

R(»port  of  work  done  in  the  division  of  chemistry  and  physics  mainly  during  the 

fiscal  year  1884-85.     Bull.  No.  27,  1886,  p.  74. 
Gives  analyses  of  coal  from  Deer  Creek  Valley,  Arir.. 

The  Deer  Creek  coal  field,  Arizona,  by  M.  R.  Campbell.     Bull.  No.  225,  1904,  pp. 

240-258. 

AEKAHSAS. 

The  coal  fields  of  Arkansas,  by  J.  C.  Branner.     Mineral  Resources  U.  S.  for  1892, 
1893,  pp.  303-306. 

Preliminary  report  on  the  Camden  coal  field  of  southwestern  Arkansas,  by  J.  A. 
Taff.    Twenty-first  Ann.  Rept.,  pt.  2,  1900,  pp.  313-329. 

The  southwestern  coal  field,  by  J.  A.  Taff.     Twenty-second  Ann.  Rept.,  pt.  3,  1902, 

pp.  367-413. 

An  account  of  the  coals  of  Arkansas,  Indian  Territory,  and  northern  Texas. 

Fayetteville  folio,   Arkansas-Missouri,   description,   by  G.   I.   Adams  and  E.   O. 
Ulrirh.     Geologic  Atlas  U.  S.,  folio  119,  1905,  p.  6. 

CALIFOBNIA. 

The  coal  deposits  of  (California,  by  H.  W.  Turner.     Mineral  Resources  U.  S.  for 
1892,  1893,  pp.  308-310. 

Sacramento  folio,  California,  description,  by  Waldemar  Lindgren.     Geologic  Atlas 
U,  S.,  folio  5,  1894. 
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Jackson  folio,  California,  description,  by  H.  W.  Turner.  Geologic  Atlas  U.  S.,  folio 
11,  1894. 

Lassen  Peak  folio,  California,  description,  by  J.  S.  Diller.  Geologic  Atlas  U.  S., 
folio  15,  1895. 

Marysville  folio,  California,  description,  by  Waldemar  Lindgren  and  H.  W.  Turner. 
Geologic  Atlas  U.  S.,  folio  17,  1895. 

The  coal  fields  of  the  Pacific  coast,  by  G.  O.  Smith.  Twenty-second  Ann.  Rept., 
pt.  3,  1902,  pp.  473-613. 

An  account  of  the  coals  occurring  in  Washington,  California,  and  Oregon.  . 

Coal  in  the  Mount  Diablo  Range,  Monterey  County,  Cal.,  by  Ralph  Arnold.  Bull. 
No.  285,  1906,  pp.  223-225. 

COLORADO. 

A  report  of  work  done  in  the  division  of  chemistry  and  physics  mainly  during  the 

fiscal  year  1888-'89,  by  F.  W.  Clarke.     Bull.  No.  64,  1890,  p.  55. 
Gives  analyses  of  coals  from  Gunnison  County,  Colo. 

Coal  fields  of  Colorado,  by  R.  C.  Hills.  Mineral  Resources  U.  S.  for  1892,  1893,  pp. 
319-365. 

Anthracite-Crested  Butte  folio,  Colorado,  description  of  the  sedimentary  forma- 
tions, by  G.  H.  Eldridge.     Geologic  Atlas  U.  S.,  folio  9,  1894. 

Geology  of  the  Denver  basin  in  Colorado:  Economic  g(K)logy,  by  G.  IT.  Eldridge*. 

Monograph  XXVII,  1896,  pp.  317-387. 

Includes  an  account  of  the  coal  resources  and  their  development. 

Elmoro  folio,  Colorado,  description,  by  R.  C.  Hills.  Geologic  Atlas  U.  S.,  folio  58, 
1899. 

La  Plata  folio,  Colorado,  description:  Economic  geology,  by  C.  W.  Purington, 
Geologic  Atlas  U.  S.,  folio  60,  1899,  p.  14. 

Walsenburg  folio,  Colorado,  description,  by  R.  C.  Hills.  Geologic  Atlas  U.  S.,  folio 
68,  1900,  pp.  4-5. 

Spanish  Peaks  folio,  Colorado,  description,  by  R.  C.  Hills.  Geologic  Atlas  U.  S., 
folio  71,  1901,  pp.  4-6. 

The  Rocky  Mountain  coal  fields,  by  L.  S.  Storrs.  Twenty-second  Ann.  Rept.,  pt.  3, 
1902,  pp.  415-471. 

Preliminary  report  on  the  geology  and  underground  water  resources  of  th(»  central 

Great  Rains,  by  N.  H.  Darton.     Prof.  Paper  No.  32,  1905,  pp.  372-379. 

Oivesageneralaccountof  the  occurrence  of  coal  in  Colorado,  Wyoming.  South  Dakota,  and  Nebraska. 

The  Yampa  coal  field,  Routt  County,  Colo.,  by  N.  M.  Fenneman  and  H.  S.  Gale. 
Bull.  No.  285,  1906,  pp.  226-239. 

The  Durango-Gallup  coal  field  of  Colorado  and  New  Mexico,  by  F.  C.  Schrader. 
Bull.  No.  285,  1906,  pp.  241-258. 

The  Yampa  coal  field,  Routt  County,  Colorado,  by  N.  M.  Fenneman  and  H.  S.  Gale. 
With  a  chapter  on  the  character  and  use  of  the  Yampa  coals  by  M.  R.  Campbell. 
Bull.  No.  297,  1906.     96  pp. 

OEOBOIA. 

Ringgold  folio,  Gt^orgia-Tennessee,  descriptive  text,  by  C.  W.  Hayes.  Geologic 
Atlas  U.  S.,  folio  2,  1894. 

Stevenson  folio,  Alabama-Georgia-Tennessee,  description,  by  C.  W.  Hayes.  Geo- 
logic Atlas  U.  S.,  folio  19,  1895. 
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The  southern  Appalachian  coal  field,  by  C.  W.  Hayes.  Twenty-second  Ann.  Rept., 
pt.  3,  1902,  pp.  227-263. 

An  account  of  the  stratigraphy,  distribution,  and  character  of  the  coals  of  the  Jellico,  Chattanooga 
add  Birmingham  districts,  embracing  parts  of  Kentucky,  Tennessee,  Oeorgia,  and  Alabama. 

IDAHO. 

lioiae  folio,  Idaho,  description,  by  Waldemar  Lindgren.  Geologic  Atlas  U.  S.,  folio 
45,  1898. 

The  Rocky  Mountain  coal  fields,  by  L.  S.  Storrs.  Twenty-second  Ann.  Rept.,  pt. 
3,  1902,  pp.  415^71. 

ILLDI0I8. 

Danville  folio,  Illinois-Indiana,  description,  by  M.  R.  Campbell.  Geologic  Atlas 
U.  S.,  folio  67,  1900,  pp.  6-7. 

The  eastern  interior  coal  field,  by  G.  H.  Ashley.  Twenty-second  Ann.  Rept.,  pt.  3, 
1902,  pp.  265-305. 

An  account  of  the  coal  field  embracing  parts  of  Indiana,  Illinois,  and  Kentucky. 

Recent  work  in  the  coal  field  of  Indiana  and  Illinois,  by  M.  L.  Fuller  and  G.  H. 
Ashley.     Bull.  No.  213, 1903,  pp.  284-293. 

PaU>ka  folio,  Indiana-Illinois,  description,  by  M.  L.  Fuller  and  F.  G.  Clapp.  Geo- 
logic Atlas  U.  S.,  folio  105,  1904,  pp.  7-9. 

IKDIAHA. 

The  eastern  interior  coal  field,  by  G.  H.  Ashley.    Twenty-second  Ann.  Rept.,  pt.  3, 

1902,  pp.  265-305. 

An  account  of  the  coal  field  embracing  parts  of  Indiana,  Illinois,  and  Kentuclcy. 

Ditney  folio,  Indiana,  economic  geology,  by  G.  H.  Ashley.  Geologic  Atlas  U.  S., 
folio  84,  1902,  p.  7. 

Recent  work  in  the  coal  field  of  Indiana  and  Illinois,  by  M.  L.  Fuller  and  G.  H. 
Ashley.     Bull.  No.  213,  1903,  pp.  284-293. 

Patoka  folio,  Indiana- Illinois,  description,  by  M .  L.  Fuller  and  F.  G.  Clapp.  Greologic 
AdaflU.  S.,  folio  105, 1904,  pp.  7-9. 

INDIAH  TXBBITOBT  (OKLAHOMA). 

Geology  of  the  McAlester-Lehigh  coal  field,  Indian  Territory,  by  J.  A.  Taff.  Nine- 
teenth Ann.  Rept.,  pt.  3,  1899,  pp.  423-456. 

An  account  of  the  stratigraphy  of  the  field  and  the  distribution  and  character  of  the  coals. 

Geology  of  the  eastern  Choctaw  coal  field,  Indian  Territory,  by  J.  A.  Taff  and  G.  I, 

Adams.    Twenty-first  Ann.  Rept.,  pt.  2,  1900,  pp.  257-311. 

Anoccountof  the  stratigraphy  and  structure  of  the  field,  the  distribution  and  character  of  the  coal, 
and  the  mining  developments. 

Coalgate  folio,  Indian  Territory,  description,  by  J.  A.  Taff.  Geologic  Atlas  U.  S. 
folio  74,  1901,  p.  6. 

The  southwestern  coal  field,  by  J.  A.  Taff.    Twenty-second  Ann.  Rept.,  pt.  3, 1902. 

pp.  367-413. 

An  account  of  the  coals  of  Arkansas,  Indian  Territory,  and  northern  Texas. 

Atoka  folio,  Indian  Territory,  description,  by  J.  A.  Taff.  Geologic  Atlas  U.  S.,  folio 
79,  1902,  p.  7. 

Pn>gre88  of  coal  work  in  Indian  Territory,  by  J.  A.  Taff.  Bull.  No.  260,  1905,  pp, 
382-401. 

Muscogee  folio,  Indian  Territory,  description,  by  J.  A.  Taff.  Geologic  Atlas  U.  8., 
/olio  132,  1906,  p.   6. 
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IOWA. 

Sketch  of  the  coal  deposits  of  Iowa,  by  C.  R.  Keyes.    Mineral  Resources  U.  S.  for 

1892,  1893,  pp.  398-404. 

The  western  interior  coal  field,  by  H.  F.  Bain.    Twenty-second  Ann.  Rept.,  pt.  3, 

1902,  pp.  333-366. 

An  aocoimt  of  the  coal  field  occupTing  portionB  of  Missouri,  Kansas,  Nebraska,  and  Iowa. 

KAH8A8. 

The  western  interior  coal  field,  by  H.  F.  Bain.    Twenty-second  Ann.  Rept.,  pt.  3, 

1902,  pp.  333^366. 

An  account  of  the  coal  field  occupying  portions  of  Missouri,  Kansas,  Nebraska,  and  Iowa. 

Stratigraphy  and  paleontology  of  the  upper  Carboniferous  rocks  of  the  Kansas  section, 

by  G.  I.  Adams,  G.  H.  Girty,  and  David  White.     Bull.  No.  211,  1903,  123  pp. 
Includes  notes  on  the  occurrence  of  coal  beds. 

Economic  geology  of  the  lola  quadrangle,  Kansas,  by  G.  I.  Adams,  E.  Ilaworth,  and 
W.  R.  Crane.     Bull.  No.  238,  1904,  pp.  74-75. 
Notes  the  occurrence  of  coal  of  no  economic  value. 

Economic  geology  of  the  Independence  quadrangle,  Kansas,  by  F.  C.  Schrader  and 
E.  Haworth.     Bull.  No.  296, 1906.     Coal,  pp.  48-52. 

Joplin  district  folio,  Missouri- Kansas,  description,  by  W.  S.  T.  Smith  and  C.  E. 
Siebenthal.     Geologic  Atlas  U.  S.,  folio  148,  1907,  pp.  19-20. 

KEKTXrOXT. 

The  coal  fields  of  Kentucky,  by  J.  R.  Proctor.    Mineral  Resources  U.  S.  for  1892, 

1893,  pp.  415-417. 

Geology  of  the  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky,  by  M.  R.  Camp- 
bell.    Bull.  No.  Ill,  1893,  106  pp. 

Estillville  folio,  Kentucky-Virginia-Tennessee,  description,  by  M.  R.  Campbell. 
Geologic  Atlas  U.  S.,  folio  12,  1894.  ' 

Richmond  folio,  Kentucky,  description,  by  M.  R.  Campbell.  Geologic  Atlas  U.  S., 
folio  46,  1898. 

London  folio,  Kentucky ,  description  byM.  R.  Campbell.  Geologic  Atlas  U.S., 
folio  47,  1898. 

The  southern  Appalachian  coal  field,  by  C.  W.  Hayes.  Twenty-second  Ann.  Rept., 
pt.  3,  1902,  pp.  227-263. 

An  account  of  the  stratigraphy,  distribution,  and  character  of  the  coals  of  the  Jellico,  Chattanooga, 
and  Birmingham  districts,  embracing  parts  of  Kentucky,  Tennessee,  Georgia,  and  Alabama. 

The  eastern  interior  coal  field,  by  G.  H.  Ashley.  Twenty-second  Ann.  Rept.,  pt.  3, 
1902,  pp.  265-305. 

An  account  of  the  coal  field  embracing  parts  of  Indiana,  Illinois,  and  Kentucky. 

The  Cumberland  Gap  coal  field  of  Kentucky  and  Tennessee,  by  G.  H.  Ashley. 
Bull.  No.  225,  1904,  pp.  259-275. 

Coal  resources  of  the  Kenova  quadrangle,  by  W.  C.  Phalen.  Bull.  No.  285,  1906, 
pp.  259-268. 

G(H)logy  and  mineral  resources  of  part  of  the  Cumberland  Gap  coal  field,  Kentucky, 
by  G.  n.  Ashley  and  L.  C.  Glenn.     Prof.  Paper  No.  49,  1906,  239  pp. 

KABTLAKD. 

Piedmont  folio,  West  Virginia-Maryland,  description,  by  N.  H.  Darton  and  J.  A.  Taff. 
Geol(^ic  Atlas  U.  S.,  folio  28,  1896. 

The  bituminous  coal  field  of  Maryland,  by  David  White.  Twenty-second  Ann. 
Rept.,  pt.  3,  1902,  pp.  201-214. 
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XICHJOAV. 

The  northern  interior  coal  field,  by  A.  C.  Lane.    Twenty-eecond  Ann.  Rept.,  pt.  3, 
1902,  pp.  307-331. 

MIBSOmil. 

The  coal  mt^asures  of  Missouri,  by  Arthur  Winslow.    Mineral  Resources  U.  S.  for 
1892,  1893,  pp.  429-436. 

The  western  interior  coal  field,  by  H.  F.  Bain.    Twenty-second  Ann.  Rept.,  pt.  3, 
1902,  pp.  333-366. 

An  account  of  the  coal  field  occupying  portions  of  Missouri,  Kansas,  Nebraska,  and  Iowa. 

Joplin  district  folio,  Missouri-Kansas^  description,  by  W.  S.  T.  Smith  and  C.  E. 
Siebenthal.     Geologic  Atlas  U.  S.,  folio  148,  1907,  pp.  19-20. 

MOHTAVA. 

The  Laramie  and  tlie  overlying  Livingston  formation  in  Montana,  by  W.  H.  Weed. 
Bull.  No.  105,  1893,  p.  105. 

A  brief  statement  regarding  the  occurrence  and  character  of  the  coal  beds. 

Livingston  folio,  Montana,  description,  by  J.  P.  Iddings  and  W.  H.  Weed.     Geologic 
Atlas  U.  S.,  folio  1,  1894. 

Three  Forks  folio,  Montana,  description,  by  A.  C.  Peale.     Geologic  Atlas  U.  S.,  folio 
24,  1896. 

Geology  and  mineral  resources  of  the  Judith  Mountains  of  Montana,  by  W.  H.  Weed 
and  L.  V.  Pirsson.     Eighteenth  Ann.  Rept.,  pt.  3,  1898,  pp.  614-616. 
Gives  an  account  of  the  coals  mined  in  the  area. 

Fort  Benton  folio,  Montana,  description,  by  W.  H.  Weed.     Geologic  Atlas  IT.  S., 
folio  55,  1899. 

Little  Belt  Mountains  folio,  Montana,  description,  by  W.  H.  Weed.     Geologic  Atlas 
U.  S.,  folio  56,  1899. 

The  Ro<*ky  Mountain  coal  fields,  by  L.  S.  Storrs.     Twenty-second  Ann.  Rept.,  pt.  3, 
1902,  pp.  415-^71. 

Development  of  the  Bear  Creek  coal  fields,  Montana,  by  C.  A.  Fisher.     Bull.  No.  285, 
1906,  pp.  269-270. 

The  North  Dakota-Montana  lignite  area,  by  A.  G.  Leonard.     Bull.  No.  285, 1906,  pp. 
316-330. 

KSB&ASKA. 

The  western  interior  coal  field,  by  H.  F.  Bain.     Twenty-second  Ann.  Rept.,  pt.  3, 
1902,  pp.  333-366. 

.\n  account  of  the  coal  field  occupying  portions  of  Missouri,  Kansas,  Nebraska,  and  Iowa. 

Lignites  of  the  middle  and  upper  Missouri  Valley,  by  E.  F.  Burchard.     Bull.  No. 

225,  1904,  pp.  276-288. 

Describes  the  occurrence  and  characterof  lignite  deposits  in  Dakota  County.  Nebraska,  and  in  North 
Dakota. 

Preliminary  report  on  the  geology  and  underground  water  resources  of  the  central 
Great  Plains,  by  X.  11.  Darton.     Prof.  Paper  No.  32,  1905,  pp.  372-379. 

Gives  a  general  account  of  the  occurrence  of  coal  in  Colorado,  Wyoming,  South  Dakota,  and 

Nebraska. 

KEYASA. 

The  Rocky  Mountain  coal  fields,  by  L.  S.  Storrs.     Twenty-second  Ann.  Rept.,  pt. 
3,  1902,  pp.  415-471. 

Coal  deposits  between  Silver  Peak  and  Candelaria,  Esmeralda  County,  Nev.,  by 
/.  E.  Spun.     Bull  No.  225,  1904,  pp.  289-292. 
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Ore  deposits  of  the  Silver  Peak  quadrangle,  Nevada,  by  J.  E.  Spurr.     Prof.  Paper 

No.  55,  1906,  pp.  165-168. 

Includes  an  account  of  the  coal  occurring  in  the  area. 

KSW  KBXIOO. 

Report  of  work  done  in  the  division  of  chemistry  and  physics,  mainly  during  the 

fiscal  year  1885-86,  by  F.  W.  Clarke.    Bull.  No.  42,  1887,  p.  147. 
Gives  an  analysis  of  "natural  coke"  from  Purgatory  (^nyon,  N.  Mex. 

The  Rocky  Mountain  coal  fields,  by  L.  S.  Storrs.  Twenty-second  Ann.  Rept.,  pt. 
3,  1902,  pp.  415-471 . 

Coal  fields  of  the  White  Mountain  region.  New  Mexico,  by  C.  A.  Fisher.  Bull.  No. 
225,  1904,  pp.  293-294. 

The  Engle  coal  field,  New  Mexico,  by  W.  T.  Lee.     Bull.  No.  285, 1906,  p.  240. 

The  Durango-Gallup  coal  field  of  Colorado  and  New  Mexico,  by  F.  C.  Schrader. 

Bull.  No.  285,  1906,  pp.  241-258.    . 

HOBTH  CAROLIVA. 

Report  of  work  done  in  the  division  of  chemistry  and  physics,  mainly  during  the 

fiscal  year  1885-86,  by  F.  W.  Clarke.     Bull.  No.  42,  1887,  p.  146. 
Gives  analyses  of  coals  from  Gulf  and  from  Stokes  County,  N.  C. 

Correlation  Papers — the  Newark  system,  by  I.  C.  Russell.  Bull.  No.  85, 1892,  coal, 
pp.  36-43. 

The  Atlantic  coast  Triassic  coal  field,  by  J.  B.  Wood  worth.    Twenty-second  Ann. 

Rept.,  pt.  3,  1902,  pp.  25-53. 

HOBTH  DAKOTA. 

The  Rocky  Mountain  coal  fields,  by  L.  S.  Storrs.  Twenty-second  Ann.  Rept.,  pt. 
3,  1902,  pp.  415-471. 

Lignites  of  the  middle  and  upper  Missouri  Valley,  by  E.  F.  Burchard.  Bull.  No. 
225,  1904,  pp.  276-288. 

Describes  the  occurrence  and  character  of  the  lignite  deposits  in  Dakota  County,  Nebraska,  and  In 
North  Dakota. 

The  lignite  of  North  Dakota  and  its  relation  to  irrigation,  by  F.  A.  Wilder.  Water- 
Sup,  and  Irr.  Paper  No.  117,  1905.     59  pp. 

The  North  Dakota-Montana  lignite  area,  by  A.  G.  Leonard.     Bull.  No.  285,  1906, 

pp.  316-330. 

OHIO. 

Stratigraphy  of  the  bituminous  coal  field  in  Pennsylvania,  Ohio,  and  West  Virginia, 
by  I.  C.  White.     Bull.  No.  65,  1891,  212  pp. 

Huntington  folio.  West  Virginia-Ohio,  description,  by  M.  R.  Campbell.  Geologic 
Atlas  U.  S.,  folio  69,  1900,  pp.  5-6. 

The  bituminous  coal  field  of  Ohio,  by  R.  M.  Haseltine.  Twenty-second  Ann.  Rept., 
pt.  3,  1902,  pp.  215-226. 

Coal  resources  of  the  Kenova  quadrangle,  by  W.  C.  Phalen.  Bull.  No.  285,  1906, 
pp.  259-268. 

OXLAHOKA.    See  Indian  Territory. 

OREOON. 

Report  of  work  done  in  the  division  of  chemistry  and  physics,  mainly  during  the 

fiscal  year  1887-88,  by  F.  W.  Clarke.     Bull.  No.  60,  1890,  p.  170. 
Gives  an  analysis  of  coal  from  Pond  d'Oreille,  Oreg. 

A  geological  reconnaissance  in  northwestern  Oregon,  by  J.  S.  DiUer.  Seventeenth 
Ann.  Rept.,  pt.  1,  1896,  pp.  491-508. 

Includes  an  account  of  the  coal  fields  of  northwestern  Oregon. 
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Roseburg  folio,  Oregon,  description,  by  J.  S.  Diller.  Geologic  Atlas  U.  S.,  folio  49, 
1898. 

The  Coos  Bay  coal  field,  Oregon,  by  J.  S.  Diller.  Nineteenth  Ann.  Rept.,  pt.  3, 
1899,  pp.  309-376. 

The  coal  and  pitch  coal  of  the  Newport  mine,  by  W.  C.  Day.     Nineteenth  Ann. 

Rept.,  pt.  3,  1899,  pp.  370-376. 
Discussea  the  origin  of  the  pitch  coal. 

Coos  Bay  folio,  Oregon,  description,  by  J.  S.  Diller.  Geologic  Atlas  U.  S.,  folio  73, 
1901,  pp.  4-5. 

The  coal  fields  of  the  Pacific 'coast,  by  G.  O.  Smith.    Twenty-second  Ann.  Rept., 

pt.  3, 1902,  pp.  473-513. 

An  account  of  the  coals  occurring  in  Washington,  California,  and  Oregon. 

Port  Orford  folio,  Oregon,  description,  by  J.  S.  Diller.     Geologic  Atlas  U.  S.,  folio 

89, 1903,  pp.  4-5. 

PENHBTLYAiriA. 

Anthracite  coal  mining,  by  H.  M.  Chance.  Mineral  Resources  U.  S.  for  1883  and 
1884,  1885,  pp.  104-131. 

Stratigraphy  of  the  bituminous  coal  field  in  Pennsylvania,  Ohio,  and  West  Virginia, 
by  I.  C.  White.     Bull.  No.  65,  1891,  pp.  212. 

The  stratigraphic  succession  of  the  fossil  floras  of  the  Pottsville  formation  in  the 
southern  ajithracite  coal  field,  Pennsylvania,  by  David  White.  Twentieth  Ann.  Rept., 
pt.  2,  1900,  pp.  854-857. 

An  account  of  the  occurrence  of  the  Lykens  coals  in  Stony  MounUiin  iind  in  the  Dauphin  basin. 

The  Pennsylvania  anthracite  coal  field,  by  H.  H.  Stock.  Twenty-second  Ann. 
Rept.,  pt.  3,  1902,  pp.  55-117. 

Th(5  bituminous  coal  field  of  Pennsylvania,  by  David  WTiite  and  M.  R.  Campbell. 
Twenty-second  Ann.  Rept.,  pt.  3,  1902,  pp.  127-200. 

Masontown-Uniontown  folio,  Pennsylvania,  description,  by  M.  R.  Caniphell. 
Geologic  Atlas  U.  S.,  folio  82,  1902,  pp.  10-18. 

Gaines  folio,  Pennsylvania,  New  York,  description,  by  M.  L.  Fuller.  Geologic  Altas 
U.  S..,  folio  92,  1903,  p.  9. 

Brownsville-Connellsville  folio,  Pennsylvania,  description,  by  M.  R.  Campbell. 
Geologic  Altas  U.  S.,  folio  94,  1903,  pp.  11-17. 

Recent  work  in  the  bituminous  coal  field  of  Pennsvlvania,  by  M.  R.  Campbell. 
Bull.  No.  213,  1903,  pp.  270-275. 

The  Bamesboro-Patton  coal  field  of  central  Pennsylvania,  by  J.  S.  Burrows.  Bull. 
No.  225,  1904,  pp.  295-310. 

The  Elders  Ridge  coal  field,  Pennsylvania,  by  R.  W.  Stone.  Bull.  No.  225,  1904, 
pp.  311-324. 

Coal  mining  along  the  southeastern  margin  of  the  Wilmore  basin,  ('ambria  County, 
Pa.,  by  Charies  Butts.     Bull.  No.  225,  1904,  pp.  325-329. 

Indiana  folio,  Pennsylvania,  description,  by  G.  B.  Richardson.  Geologic  Atlas  U.  S. , 
folio  102,  1904,  pp.  4-6. 

Latrobe  folio,  Pennsylvania,  description,  by  M.  R.  Campbell.  Geologic  Atlas  U.  S., 
folio  110,  1904,  pp.  12-15. 

Kittanning  folio,  Pennsylvania,  description,  by  Charles  Butts.  Geologic  Atlas 
U.  S.,  folio  115,  1904,  pp.  12-13. 
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Mineral  reflources  of  the  Elders  Ridge  quadrangle,  Pennsylvania,  by  R.  W.  Stone. 
Bull.  No.  266,  1905.    Coal,  pp.  31-54.    Coke,  p.  55. 

Pittsburg  coal  in  the  Burgettstown  quadrangle,  Pennsylvania,  by  W.  T.  Griswold. 
Bull.  No.  260,  1905,  pp.  402^10. 

Waynesburg  folio,  Pennsylvania,  description,  by  R.  W.  Stone.  Geologic  Atlas  U.  S., 
folio  121,  1905,  pp.  9-10. 

Elders  Ridge  folio,  Pennsylvania,  description,  by  R.  W.  Stone.  Geologic  Atlas 
U.  S.,  folio  123, 1905,  pp.  7-9. 

Rural  Valley  folio,  Pennsylvania,  by  Charles  Butts.  Geologic  Atlas  U.  S.,  folio 
125,  1905,  pp.  7-10. 

Ebensburg  folio,  Pennsylvania,  desirription,  by  ('harles  Butts.  GtH)logic  Atlas 
U.  S.,  folio  133,  1905,  pp.  7-9. 

Beaver  folio,  Pennsylvania,  description,  by  I>.  H.  Woolscy.  Geologic  Atlas  U.  S., 
folio  134,  1905,  pp.  11-12. 

Economic  geology  of  the  Kittanning  and  Rural  Valley  quadrangles,  Pennsylvania, 
by  Charles  Butts.     Bull.  No.  279,  1906.     Coal,  pp.  44-102. 

Clearfield  coal  field,  Pennsylvania,  by  G.  H.  Ashley.  Bull.  No.  285,  1906,  pp. 
271-275. 

The  Punxsutawney  and  Glen  Campl^ell  coal  fields  of  Indiana  and  Jefferson  counties. 
Pa.,  by  F.  B.  Peck  and  G.  H.  Ashley.     Bull.  No.  285,  1906,  pp.  276-279. 

Economic  geology  of  the  Beaver  quadrangle,  Pennsylvania  (southern  Beaver  and 
northwestern  Allegheny  counties),  by  L.  H.  Woolsey.  Bull.  No.  286,  1906.  Coal, 
pp.  26-55. 

Economic  geology  of  the  Amity  quadrangle,  eastern  Washington  County,  Pennsyl- 
vania, by  F.  G.  Clapp.     Bull.  No.  300,  1907.     145  pp. 

Oil  and  gas  fields  of  Greene  County,  Pa.,  ])y  R.  W.  Stone  and  F.  G.  Clapp.  Bull. 
No.  304,  1907.    Map  showing  coal  outcrops,  in  p<K*ket. 

Amity  folio,  Pennsylvania,  descripti(m,  by  F.  G.  Clapp.  Geologic  Atlas  U.  S., 
folio  144,  1907,  pp.  12-13. 

Rogersville  folio,  Pennsylvania,  description,  by  F.  G.  Clapp.     Geologic  Atlas  U.  S., 

folio  146,  1907,  pp.  12-14. 

RHODE  ISLAKD. 

A  report  of  work  done  in  the  Washington  laboratory  during  the  fiscal  year  1883-84, 

by  F.  W.  Clarke  and  T.  M.  Chatard.     Bull.  No.  9,  1884,  p.  18. 
Gives  an  analysis  of  coal  from  Cranston,  R.  I. 

General  geology  of  the  Narragansett  basin,  by  N.  S.  Shaler.    Monograph  XXXIII, 

1899,  pp.  79-88. 

DGscril>cs  the  stratigraphy,  occurrence,  and  character  of  the  coaI  deposits  in  tlie  Narragansett  t)asJn 

in  Rhode  Island. 

SOUTH  DAKOTA. 

The  lignites  of  the  Great  Sioux  Rewirvation:  A  report  on  the  region  l)etween  the 
Grand  and  Morc»au  rivers,  Dakota,  by  Bailey  Willis.     Bull.  No.  Bl,  1885.     16  pp. 

The  Rcx'ky  Mountain  coal  fields,  by  I..  S.  Storrs.  Twenty-second  Ann.  Kept.,  pt.  3, 
1902,  pp.  415-471. 

Edgemont  folio.  South  Dakota-Nebraska,  description,  by  N.  H.  Darton  and  W'.  S.  T. 
Smith.     G«>logic  Atlas  U.  S.,  folio  108,  1904,  pp.  9-10. 

Preliminary  report  on  the  geology  and  underground  water  resources  of  the  central 
Great  Plains,  by  N.  H.  Darton.     Prof.  Paper  No.  32,  1905,  pp.  372-379. 

0  ivM  a  general  aocount  of  the  occurrence  of  coal  in  Colorado,  Wyoming,  South  Dakota,  and  Nebraaka. 
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'Ill*   m,mI  iMldH  of  Ti'Jiu*.,  hy  It.  T.  Hill.     Mimral  Kmnjni-H  l\  S.  for  1892,  1893, 
|f|i   Mr/  MO 

M< «  HMMMJtHiiHM  <•  Ml  iIm*  Itto  <irHiMlc  itni\  UoUIh  (if  TfxuM,  by  T.  \V.  Vaughan.     Bull. 
A//    ;/)),  iWM),     |(H)p|.. 
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U^^J4*•  i«>lio.  Tf-xa*,  «i<ttfcripiion.  \*y  T.W.  Vauziun.     •  i»i 'Kcic  Atla^  U.  S-.  iiu>. •  <4, 
IWO.  p.  5. 

Tb*r  iouthireEt<^ni  crol  tielti.  !•>*  J.  A.  Ta£F.     Twrni y-ss^-^T.nd  Ann.  Repi..  pi-  3.  IwK, 
pp.  367-113- 

As  *ecmst  of  the  coaIs  of  Ar1uiis*5.  Indun  T«-rr.iiirr.  «r>2  S'.>rtberr.  TexAA. 


Repf^rt  'jI  v^jrk  d«>n«'  in  tb«^  dixi^iiin  «if  ch«.-iiii*irj"  an^i  pb rat's  mainly  durinc  ib^ 
fiscal  year  18»(MPl.  by  F.  W.  <birki-.     Cull.  N"..  90,  ISJr?,  p.  Vo. 

Ghns  ADftlyflCs  <rf  ctmaIs  fn>ni  LitUe  Cottonvood  gTi>L-fa  A!>i  frozx  ibr  W.utBioh  Mouat^indL 

*''m1  tiehls  of  Utah,  by  Roln-n  FMm*UT.     Mint^al  Rt^»urvx«  V.  S.  f**  ISSC,  l?6iS, 
pp.  ol  l-o20. 

The  Colorado  f«>rmati<>n  and  iti*  invertebrate  fauna,  by  T.  W.  Stanton,     l^ull.  Nvv 
!«.  1MI3.  pp.  35.  3ii. 

The  R^xrky  Mountain  ottl  lieldi*.  by  L.  S.  Storr*.     Twi'niy-<?i'ci»nd  Ann.  Re|^«. 
pt.  3.  1902.  pp.  415-171. 

OmI  in  .Sanpete  County.  Utah,  by  (.i.  l\.  RichanL^m.     r.ull.  No.  2S5.  19i»»i,  pp. 

Notes  on  the  Weber  River  ojal  lii^ld,  Utah,  by  J.  A.  Taff.     r»ull.  Xo.  2S5.  19iV.  pp. 
285-288. 

IVjok  mas  ojol  field,  Utah,  wwt  of  Green  River,  by  J.  A.  Tatf.     Hull.  Xo.  ^V  llHV, 

pp.  289-302. 

VXBGOriA. 

Report  of  work  done  in  the  diN-ifritin  of  chemist r\*  ami  phrai-s  niainly  during  the 
fiscal  y^-ar  188.^80.  by  F.  W.  rkrke.     Bull.  Xo.  42^  1SS7.  p.  146. 
Gives  an  analysis  of  "  natural  coke  "  from  llidlotbian.  Va. 

Repf^rt  of  work  done  in  the  di>'ii«ion  of  chemLstr\-  and  physies  mainly  during:  the 
fiscal  vi-ar  1886-87.  bv  F.  W.  Clarke.     Dull.  Xo.  55.  1SS9.  p.  87. 
Girea  analyws  of  coal  and  coke  from  Scott  County,  Va. 

<.'4»rrelation  papers — the  Xewark  i«ystem,  by  I.  I'.  Ru^^'ll.     Bull.  Xo.  85,  1892,  oal, 
pp.  :i6-43. 

The  Clinch  Valley  ci>al  liebls.  by  A.  S.  Mc(*n?ath  an*l  K.  V.  I>'In\-illien».     Mim^iml 
Re«fiurct«  U.  S.  for  1892,  1893,  pp.' 521-528. 

G€jol«ig>'  of  the  Big  St<»ne  (iap  ctral  lieM  <»f  Virginia  and  Kentucky,  by  M.  R.  V'amp- 
liell.     Bull.  Xo.  111.  1893.  10<i  pp. 

Eetilhille  f<ili<i.  Kentucky-Virginia-Tenni'!%*ee.  di-sM-riptitm,  by  M.  R.  VamplH»ll. 
Gwlogic  Athw  U.  S.,  folio  12,  IWM. 

Staunton  folif»,  Virginia- W**:*!  Virginia,  dt':?iripiion,  by  X.  II.  I>anon.     (.ux>ltn»ic 
AtLu*  U.  S.,  folio  14,  I^IM. 

P<x."ahontafl  folio.  Virginia-Wi-st  Virginia.  dt'SH-ripiion.  by  M.  R.  CamplH^U.     Got>- 
logic  Atla«  U.  S..  folio  26,  1896. 

Tazewell  foli<».  Virginia-West  Virginia,  <U*cripii(in.  by  M.  K.  CaniplH'll.     CKMli»gic 
Atlas  U.  S..  folio  44.  1H97. 

Gc-ology  of  the  Richmon<l  biL'^in.  Virginia,  by  X.  S.  Shaler  and  J.  B.  WiHKiworth. 
XineteiMilh  Ann.  Rept..  j)t.  2.  ISIH),  pp.  511-515. 

Gives  an  account  of  the  njitural  coke  and  bituminous  coal  of  this  aroa. 
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Bristol  folio,  Virginia-Tennessee,  description,  by  M.  R.  Campbell.     Geologic  Atlas 
U.  S.,foUo59,  1899. 

The  Atlantic  coast  Triassic  coal  field,  by  J.  B.  Wood  worth.     Twenty-second  Ann. 

Rept.,  pt.  3,  1902,  pp.  25-53. 

WASHINOTOH. 

A  g(H>l()gical  rcM-onnaissance  in  central  Washington,  by  I.  C.  Rnssell.     I'ull.  No.  108, 
1893,  p.  76. 

A  brief  note  on  the  occurrence  of  coal  of  little  economic  vulue  near  Wenatchee. 

Somc^  c(jal  fields  (^f  Puget  Sound,  by  Bailey  Willis.     Eighteenth  Ann.  Rept.,  pt.  3, 
1898,  pp.  393-436. 

Tacoma  folio,  Washington,  description,  by  Bailey  Willis  and  G.  O.  Smith.     Geologic 
Atlas  U.  S.,  folio  54,  1899. 

A  preliminary  paper  on  the  geology  of  the  Cascade  Mountains  in  northern  Washing- 
ton, by  I.  (■.  Russell.     Twentieth  Ann.  Rept.,  pt.  2,  1900,  coal,  pp.  205-206. 

The  coal  fields  of  the  Pacific  coast,  by  G.  O.  Smith.     Twenty-8e(!()nd  Ann.  Rept., 

pt.  3,  1902.  pp.  473-513. 

An  account  of  the  coals  occurring  in  Wanhington,  Califomiu,  and  Oregon. 

A  geological  reconnaissance  across  the  Cascade  Range  nc^r  the  forty-nintli  parallc>l, 

by  G.  O.  Smith  and  F.  C.  (Wkins.     Bull.  No.  235,  1904,  p.  97. 
Notes  the  occurrence  of  coal  and  coal  mines  in  northwestern  Washington. 

Mount  Stuart  folio,  Washington,  description,  by  G.  O.  Smith.     Geologic  Atlas  U.  S., 
folio  106,  1904,  pp.  9-10. 

Cc^al  in  Washington,  near  Portland,  Greg.,  by  J.  S.  Diller.     Bull.  No.  260,  1905, 
pp.  411^12. 

Coal  in  Clallam  County,  Wash.,  by  Ralph  Arnold.     Bull.  No.  260, 1905,  pp.  413-421. 

Suwiualmio  folio,  Washington,  description,  by  G.  O.  Smith  and  F.  C.  Calkins. 
Geologic  Atlas  U.  S.,  folio  139,  1906,  p.  13. 

WEST  YIBOINIA. 

Ccml  mining  in  the  Kanawha  Valley  of  West  Virginia,  by  S.  M.  Buck.     Mineral 
Resources  U.  S.  for  1883  and  1884,  1885,  pp.  131-143. 

Report  of  work  done  in  the  division  of  chemistry  and  physics  mainly  during  the 

fiscal  year  1884-85.     Bull  No.  27, 1886,  pp.  73,  74. 
Givos  analyses  of  coals  from  Randolph  County,  W.  Va. 

R<*port  of  work  done  in  the  division  of  (!hemi8try  and  physics  mainly  during  the 

fiscal  year  1887-88,  by  F.  W.  Clarke.     Bull.  No.  60, 1890,  p.  169. 
Cilvcs  analyses  of  coals  and  cokes  from  Piedmont,  W.  Va. 

A  reiK)rt  of  work  doiu;  in  the  division  of  chemistry  and  physics  mainly  during  the 
lisc-jil  y<*ar  1888-89,  by  F.  W.  Clarke.     Bull.  No.  64, 1890,  p.  54. 

Gives  analysers  of  coals  from  Kanawha  County,  and  of  coal  and  coko  from  Tucker  County,  W.  Vu. 

Stratigraphy  of  th(>  bituminous  coal  field  in  Pennsylvania,  Ohio,  and  Wi»st  Vir- 
ginia, by  I.  C.  \Miite.     Bull.  No.  65,  1891,  212  pp. 

Report  of  work  done  in  the  division  of  chemistry  and  physics  mainly  during  the 

fiscal  yeiir  1889-90,  by  F.  W.  Clarke.     Bull.  No.  78, 1891,  p.  128. 
Gives  analyses  of  coals  from  Barbour  County,  W.  Va. 

Report  of  work  donv  in  the  division  of  chemistry  and  physics  mainly  during  the 

•fiscal  year  1890-91 ,  by  F.  W.  (^arke.     Bull.  No.  90, 1892,  p.  75. 
Gives  analyses  of  coal  and  coke  from  Tucker  County,  W.  Va. 
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The  Potomac  and  Roaring  Creek  coal  fields  in  West  Virginia,  by  J.  D.  Weeks. 
Fourteenth  Ann.  Rept.,  pt.  2,  1894,  pp.  567-590. 

Geologic  section  along  the  New  and  Kanawha  rivers  in  West  Virginia,  by  M.  R. 

Campbell  and  W.  C.  Mendenhall.     St^venteenth  Ann.  R<'pt.,  pt.  2,  1896,  pp.  473-511. 
Describes  the  stratigraphy  of  the  Coal  Measun^s  in  this  section.    Includes  analyses  of  the  coals. 

Pocahontas  folio,  Virgin ia-W<«t  Virginia,  description,  by  M.  R.  Campb<»ll.     Geo- 
logic Atlas  U.  S.,  folio  26,  1896. 

Piedmont  folio.  West  Virginia-Maryland,  description,  by  N.  H.  Darton  and  J.  A. 
Taff.     Geologic  Atlas  U.  S.,  folio  28,  1896. 

Franklin  folio.  West  Virginia- Virginia,  description,  by  N.  H.  Darton.     GcK)logic 
Atlas  U.  S.,  folio  32,  1896. 

Buckhaunon  folio,  West  Virginia,  description,  by  J.  A.  Taff  and  A.  H.  Brooks. 
Geologic  Atlas  U.  S.,  folio  34,  1896. 

Tazewell  folio,  Virginia- West  Virginia,  dc^scription,  by  M.  R.  Campbell.     Geologic 
Atlas  U.  S.,  folio  44,  1897. 

Huntington  folio,  West  Virginia-Ohio,  description,  by  M.  R.  Campbell.     CuH)logic 
Atlas  U.  S.,  folio  69,  1900,  pp.  5-6. 

Charleston  folio.  West  Virginia,  desciription,  by  M.  R.  Campbell.     G(H)logic  Atlas 
U.  S.,  folio  72,  1901,  pp.  6-9. 

Raleigh  folio,  West  Virginia,  dt^scription,  by  M.   R.  Campbell.     GcM>logic  Atlas 
U.  S.,  folio  77,  1JK)2,  pp.  4-8. 

The  Meadow  Branch  coal  iiohl  of  West  Virginia,  by  M.  R.  Campbell.     Bull.  No.  225, 

1904,  pp.  330-344. 

Coal  in  the  Nicholas  quadrangle,  West  Virginia,  by  G.  H.  Ashley.     Bull.  No.  260, 

1905,  pp.  422-428. 

Coal  resources  of  the  Kenova  quadrangU>,  by  W.  C.  Phalen.     Bull.  No.  285,  1906, 

pp.  259-268. 

WYOKnro. 

The  coal  fields  of  Wyoming,  by  G.  C.  Hewitt.     Mineral  Resources  U.  S.  for  1893, 
1894,  pp.  412-414. 

A  gcH)logical  reconnaissance  in  northwest  Wyoming,  by  G.  H.  Eldridge.     Bull. 
No.  119,  1894.     Coal,  pp.  49-62. 

Coals  and  Coal  Measures  of  Wyoming,  by  W.  C.  Knight.     Sixte<»nth  Ann.  Rept., 
pt.  4,  1895,  pp.  208-215. 

Field  observations  in  the  Hay  Creek  coal  fic»ld,  by  W.  P.  Jenney.     Nineti»enth 

Ann.  Rept.,  pt.  2,  1899,  pp.  568-587. 
Includes  some  account  of  the  coals  of  the  area. 

_  Preliminary  description  of  the  geology  and  water  resources  of  the  southern  half  of 

the  Black   Hills  and  adjoining  regions  in  South  Dakota  and  Wyoming,  by  N.  H. 

Darton.    Twenty-first  Aim.  Rept.,  pt.  4. 1901 ,  pp.  582-584. 

Gives  an  account  of  the  distribution  of  coal  in  the  Lakota  formation  in  northeji8t(>m  Wyoming. 

The  Rocky  Mountain  coal  fields,  by  L.  S.  St^)rrs.     Twenty-second  Ann.  Rept., 
pt.  3,  1902,  pp.  415-471. 

Coal  of  the  Bighorn  ba.'^in,  in  northwent  Wyoming,  by  C.  A.  Fiwher.     Bull.  No.  225, 
1904,  pp.  345-362. 

Newcastle  folio,  Wyoming-South  Dakota,  description,  by  N.  H.  Darton.     G<*oIogic 
Atlas  U.  S.,  folio  107,  1904,  pp.  8-9. 
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The  coal  of  the  Black  Hills,  Wyoming,  by  N.  H.  Darton.     Bull.  No.  260,  1905, 
pp.  429-433. 

Preliminary  re|X)rt  on  the  gtK)logy  and  underground  water  resources  of  the  central 

Great  Plains,  by  N.  H.  Darton.     Prof.  Paper  No.  32,  1905,  pp.  372-379. 

Gives  a  general  account  of  the  occurrence*  of  coal  in  Colorado,  Wyoming,  South  Dakota,  and  Nebraska. 

Sundance  folio,  Wyoming-South  Dakota,  description,  by  N.  H.  Darton.     Geologic 
Atlas  U.  S.,  folio  127,  1905,  p.  12. 

Aladdin  folio,  Wyoming-South  Dakota-Montana,  description,  by  N.  H.  Darton  and 
C.  C.  O'Harra.     Geologic  Atlas  U.  S.,  folio  128,  1905. 

Mineral  resources  of  the  Bighorn  Mountain  region,  by  N.  H.  Darton.     Bull.  No.  285, 

1906,  pp.  303-310. 

Includes  an  account  of  coal  deposits  in  northeastern  Wyoming. 

Mineral  resources  of  the  Bighorn  basin,  by  C.  A.  Fisher.     Bull.  No.  285,  1906, 

pp.  311-315. 

Includes  an  account  of  the  coal  of  the  area. 

Coal  and  oil  in  southern  Uinta  County,  Wyo.,  by  A.  C.  Veatch.     Bull.  No.  285, 
1906,  pp.  331-353. 

Geology  of  the  Bighorn  Mountains,  by  N.  H.  Darton.     Prof.  Paper  No.  51,  1906, 

pp.  62-67,  111-112. 

Gives  an  account  of  the  stratigraphy,  character,  and  mining  of  coal  in  the  Bighorn  Mountains  of 
Wyoming. 

Geology  and  water  resources  of  the  Bighorn  basin,  Wyoming,  by  C.  A.  Fisher. 

Prof.  Paper  No.  53,  1906,  pp.  46-56. 

Describes  the  character,  occurrence,  and  development  of  th(*  coal  deposits  of  the  area. 
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Grassy  Creek,  Ky.,  coal  on 49 

Great  Falls  coal  field,  Mont.,  coals  of 164-172 

coals  of.  analyses  of 171 

descriptions  of 164 

development  of 172-173 

quality  of 170-172 

geology  of 162 

location  of 161-162 

map  of 162 

paiM»r  on 161-173 

production  of 167 

railroads  to 172 

sections  In 163,166-166,169 

stratigraphy  of 163 

structure  of 164 

topography  of 162 

Green  River,  Utah,  coal  near,  section  of 313 


Page. 
Oroen  River  basin,  location  and  structure  of     270 
Oroenwood  and  Huntington  distrtot,  Ark., 

coalsof 144-147,167 

coals  of,  analyses  of 158-159 

Grieme  (D.)  Coal  Co..  briquetting  plant  of. .      464 

Gulch,  Wyo..  coal  at  and  near 292-294,  .100 

coal  at  and  near,  sectioh  of 293 

H. 

Hagan  field,  N.  Mex.,  coal  in 427,429 

Harkness  bed.  analysis  of 114 

occurrence  and  character  of 78, 

83-84,99-104,113 

sections  of 100-^04 

Harless  Creek,  Ky.,  coal  on 48 

Harrisburg  coal,  analyses  of 135 

occurrence  and  character  of 130-131 

Hartshome  horizon,  coals  of 142, 143-163 

Harvey  bed,  analyses  of 290 

Hay  Gulch,  Colo.,  coal  in 336 

coal  in,  section  of 335 

Hazlewood,  A.  J.,  work  of 8 

Helena.  Ala.,  coal  near,  section  of 94 

Helena  basin,  Ala.,  coals  of.  89,93-94,96,98-^,113 
Helena  bed,  occurrence  and  character  of 86,91 

See  also  Mammoth-Helena  bed. 

Hell  Creek,  Mont.,  section  on 199 

Helper  Canyon.  Utah,  coal  in.  section  of . . .      350 
Henryollen.  Ala.,  coals  near,  sections  of.  86,87,95 

Henryellen  basin,  Ala.,  coal  of 87-88, 

90,92,94-96,97,100-103,113 
Hesperus,  Colo.,  coal  at 326, 334-335,. '»6 

coal  at,  analysis  of 423 

section  of 386 

Hoback  anticline,  Wyo.,  location  and  de- 
scription of 216 

Hogpen  Branch,  Ala.,  coal  near,  section  of .      102 

Holmes.  J.  A.,  work  in  charge  of 12 

Horse  Canyon,  Utah,  coal  in,  analysis  of —      316 

coal  in.  section  of 314 

Hughes.    Alexander,    briquetting    experi- 
ments of 463 

Huntington  and  Greenwood  district.  Ark., 

coalsof 144-147,157 

coals  of,  analyses  of 158-159 

Huntington  Canyon,  Utah,  coal  In 350, 353-367 

coal  in,  sections  of 364-356 

I. 

Idaho,  coal  In,  bibliography  of 522 

Illinois,  coal  in,  bibliography  of 622 

coal  in,  paper  on 116-136 

coal  investigations  In 8 

Illinois  Coaletto  Fuel  and  Mining  Co.,  bri- 
quetting plant  of 463 

Impurities  In  coal,  classification  of 490-600 

Indiana,  coal  in,  bibliography  of 622 

Indian  Territory,  coal-l)earing  rocks  of 142 

coal  In,  bibliography  of 522 

Intermitlonal  Briquetting  Co..  briquetting 

plant  of 4(»4 

International  Coal  Briquetting  Co..  briquet- 
ting plant  of 463 
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IntMiTJmtkfnMl  Compnaa  CoaJ  Co.,  brlqurt^ 

tingpkMnt'4 «0 

InVknuOMftiMl  ViM  fd,.,  \,TiqxiftHng pUnt  oL      4tA 

InvHrtlpitJon.  n^*r4  of 5-6 

Iowii,c»«Jm.  Ut/lkj^mpbf  of 523 

Irtm  Bluff.  Mont..  aHcrtlon  iit 198 

Iron  C>>tinty CMd  IM'l.  Uuh. co«ls  of Se^T-^S 

o<j«lii  of.  iinAJyiif«  of 374.  Z7S 

'V'^erlptionji  of J^STo 

quality  of 374-^5 

crj«J-ljf«nng  ivjclu  in.  cburacUfr  of >>7 

f f  M*iU  of 3C6, 373 

ghfAfif^-  of *» 

fVA'ks  in.  CTf nHation  of X5-3^t 

mxiUfTuin 35I-3U3 

Ogtmthowing, 361 

atrutignphy  of . .  /. 3e0-3ti3 

rtructUHfof 366 

Utpography  of 352-353 

J. 

J^niny  Lind  luid   Bonanza  district.   Ark., 

ctmln  of 143-144, 157 

CMda  of,  iinaJyiiPA  of 150 

Jeaan  Cn*k,  Ky.,  cool  on, SO 

Jitnmifi  Cmek,  Ky.,  coai  on 48 

Joes  Vallffy  fauitif.  <jH8cription  of 345-346 

John  Day  Kiv(*r  nyncUne,  Wyo. ,  l<JCation  of.      216 
Se^  (dMo  L4iZ«iart-Jotm  Day  Uivff  syn- 
din<^. 

Jf>hnstown,  I'a.,  coals  msar,  sections  of 30 

Johnst'jwn,  I'a.,  and  vicinity,  coals  of,  paper 

on. ..20-41 

Jr>fanBtown  district,  coals  of 2^33 

coals  of,  s«'tions  of 30-33 

Johnstown  quarlranglo,  coals  of 23-40 

coals  of,  analyM'H  ai. 24-25,27-28 

characUT  of 25-40 

chf'niistr>'  of 23-25 

niin^s  of,  list  of 40-41 

pajM^r  on 23-40 

ijS4?s  of 23 

gf^logy  of, 20-23 

gi'^iKrHphy  of 20 

location  of 20 

map  showing 26 

w«tionH  In 30-37,39 

stratigraphy  of 20-21 

stnictim?  of 22-23 

Jolict,  Mont.,  coal  near 192 

coal  n«?ar,  iwction  of 192 

Jordan,  Mont.,  coal  at,  s<>ction  of. 210 

coals  north  of 211 

Jordan-MiU's  n-gion,  Mont.,  coals  of 208-211 


Kanarravillc,  Ttah,  coals  at  and  near. . .  360-362, 

371-372 
coals  at  and  near,  miction  of 3()1^362,371 

Kansas,  coal  in,  bibliography  of 523 

Keninien'r  coals,  analyses  of 232,231 

<H!Ciirronc«'*  and  d«'scription  of 219-2(>2 

wi'tions  of 225-227 

Kentucky,  coal  in,  iiibliography  of 523  , 


Kentnrty.  eoal  in.  paper  on 

ooml  inTMtigatioiis  in 

Kin  Canypn.  Utah,  ooal  near 

Kittanning  ooals.  analyse*  of 

oociurenoe  and  deactiptioo  of. 


.......         I 

aio 

19 

lS-18 

•ecCionaof 16,17 

Koala  Fuel  Mannfailming  Col.  briqurttin^ 

plantof 464 

Kootenai  formation,  coals  in 163-168 


La  PlaU  RiTer.  Colo.,  coal 

ooal  near,  section  of. 

LAliarge  Mountain,  Wyo..  ooals  oC. 

coals  of.  analyses  of. 

sections  of 

Lander  cnal  field.  Wyo..  ooals  ol . . . 

ooal  of .  analyses  of. 244 

paper  on 242-241 

Lander  syndine.  Wyo..  ooals  in. . .  217-21S,2Zl-222 

location  of.  description  of. 216,217 

Langst on,  .Ua..  ooal  near,  section  of. 99 

LapUta-Fmitland  district.  N.  Max..  ooals 


m. 


ooals  in,  secticmsof 

Laramie  basin,  Wyo.,  ooal  of 261-2G3 

ooal  of,  analyses  of. 262,263 

paper  on 261-263 

section  in 2B2 

Laramie  formation,  ooals  of 249-250, 

250,322-328,377,384,3S5-417 

OTMls  of.  analyses  of. 254-255. 257-S6, 422 

sections  of 249,250,327,328 

description  of 322-323 

Lay,  Wyo.,  ooal  at. 275-276 

coal  at,  analyses  of 297 

sections  of 275-276 

Lay- Peacock  bed,  analysis  of 297 

Lay-Sweeney  bed,  analysis  of. 1897 

Lazeart-John  Day  River  sjmdine,  Wyo., 

coals  in 217-21B, 220-223 

location  of,  description  oL 216,217 

Lee,  W.  T.,  paper  by,  on  The  Iron  County 

coalfield 359-375 

work  of 11 

Lee,  W.  T.,  and   Nickles,  J.   M.,  bibUog-     * 

raphy  by 518-532 

Ijpti  conglonu>rate,  oocurrenoe  and  descrip- 
tion of 56-57,08-69 

Leonard.  A.  G.,  paper  by,  on  Coal  fields  of 
Dawson,  Rosebud,  and  Custer 

counties,  Mont 194-211 

work  of 8-9 

Lewis  formation,  coals  in 24^240 

coals  in,  analyses  of 253-254,256-257 

sections  of 249 

occunvnce  and  description  of 380 

Lightner  Crock,  Colo. ,  coal  on 331-332 

coal  on,  section  of 332 

Lignites,  gas-producer  tests  of 441-445 

gas-producer  tests  of,  comparison  of 

steam  tests  and 447-448 

Limestone  l)ed.    Sec  Lower  Frecport  coal. 

Lines,  E.  F.,  paper  by 13-19 

work  of 7 
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Pace. 

Lion  Canyon,  Wyo.,  coal  in 280-281 

coal  in,  section  of 281 

Little  Bear  Canyon,  Utah,  coal  in,  section 

of 356 

Little  Cahaba  basin.  Ala.,  coals  of 88, 

90, 92-d3, 95-96, 97-96. 103-104. 1 13 

Little  Creek,  Ky..  coal  on 50 

Little  Pittsburg  bed,  occurrence  and  charac- 
ter of  78, 92-94, 113 

sections  of 92-94 

Little  Togay  Spring,  N.  Mex.,  coal  near,  sec- 
tion of 411 

Logan,  8.  R.,  work  of 9 

Lovick.  Ala.,  coals  near,  sections  of 106,111 

Lower  Banner  coal,  analyses  of 74 

occurrence  and  description  of 62,69,72 

sections  of 72 

Lower   Barren   Measures,   occurrence   and 

character  of .*. . .  17^180 

Lower  Elkhom  coal,  analyses  of 52 

occurrence  and  character  of 46-51.64 

section  of , 47 

Lower  Freeport  coal,  analyses  of 19. 24 

occurrence  and  character  of  .. .  21.26.30-31.38 

sections  of 30 

Lower  Kittanningcoal,  analyses  of  .19.24-25,27,28 

coking  of 28 

occurrence  and  character  of 21, 

26-29.32-33,36.37.39 

sections  of 32. 36. 37, 39 

Lower  Miocene,  coal  in 43r»-436 

M. 

McAlostcr  group,  coals  of 142 

McCarthy  mine,  Mont.,  coal  at 191 

coal  at,  section  of 191 

McClure  Creek  district.  Va.,  coals  of 62-63 

McGinnis  Coal  Briquette  Co.,  briqnetting 

plant  of 463 

Manunoth-Helena  coal,  analyses  of 114 

occurrence  and  character  of  .78,84-86.87-89. 113 

sections  of 87-89 

Mancos,  Colo.,  coal  near 326,387,391 

coal  near,  analysis  of 423 

section  of 387 

Mancos  Canyon,  Colo.,  coal  near,  section  of  390-391 
Mancos  coal,  analyses  of 422 

occurrena*  and  description  of 410,418 

sections  of 410, 416, 418-421 

Mancos  whale.  Utah,  coal  in 341,377 

occurnmco  and  description  of 380. 387 

Manhattan  Coal  Briquette  Co.,  briquetting 

plant  of MA 

Manlcato  Peat  Fuel  Co.,  briquetting  plant  of.      463 
Manuelito,  N.  Mex.,  coal  near,  section  of . . .      416 

Marrowbone  Creek,  Ky.,  coal  on 49-50 

Maryland,  coal  in.  bibliography  of 623 

Mashek,  G.  J.,  briquetting  process  of 4()8 

Meeker,  A.  H.,  information  from 279 

Meeker.  Wyo..  coal  near 274.276-281,287-289 

coal  near,  amilyses  of 297-299 

.sections  of 277.278,280.281.288,289 

Meetinghouse  Canyon,  Utah,  coal  in,  sec- 
tion of 355 

Mercer  coal,  occurrence  and  character  of 21 


Page. 
Meridian  anticline,  Wyo.,  location  of,  de- 
scription of 216 

Mesa  Verde  region,  Colo.,  coals  in 388-392 

coals  in.  sections  of 388-^92 

Mesaverde  formation,  coals  of 247-248,260, 

312,323,326,328-337,341,3n,384,417 

coals  of.  analyses  of 263,266. 422 

sections  of 247,248,329-337 

description  of 323 

Mesler,  R.  D.,  work  of 8 

Metcalf,  R.  B.,  briquetting  pUnt  of 464 

Meyer  Creek,  N.  Mex..  coal  near,  section  of . .      406 

Michigan,  briquetting  plants  in 479 

coal  in,  bibliography  of 624 

Middle    Kittanning  coal,    occurrence   and 

character  of 21,29,32,37 

Miles.  Mont.,  coal  near,  section  of 207 

Miles  district.  Mont.,  coals  of 206-206 

Miles-Jordan  region,  Mont.,  coals  of 208-211 

Milk  Creek  Canyon,  Wyo.,  coal  in 284-286 

coal  in,  section  of 284, 286 

Millard  coal,  analysis  of 52 

occurrence  and  character  of 45-61 ,  53-64 

Miller  coal.    See  Lower  Kittanning  coal. 
Millstone  grit,  occurrence  and  description 

of 82-83 

Mine  samples,  impurities  in 490-500 

Mine   sampling,  comparative  accuracy  of 

car  sampling  and 486-487 

correction  of.  coefficients  for 486-487, 513 

method  of 488-490 

Mineral  products,  relative  value  of 6 

Miocene  rocks,  coal  in 435-436 

Missouri,  briquetting  plants  in 481-484 

coal  in,  bibliography  of 624 

Moisture,  occurrence  of,  conclusions  on. . .  504-506 

percentage  of,  in  run-of-mine  coal 490- 

495,500-504 

in  screened  coal 495-499, 504 

In  slack 499-500, 504 

Monon  Development  Co.,  briquetting  plant 

of 463 

Montana,  Carbon  County,  coals  of 187-193 

Carbon  County,  coals  in,  analyses  of. . .      193 

coals  in,  composition  of 192-193 

pape  r  on 1 74-193 

sections  of 187-188 

geography  of 174-175 

geology  of 176-186 

igneous  rocks  in 186 

map  of 176 

sections  of 175, 178-179, 181-185 

stratigraphy  of 175-186 

structure  of 186 

topography  of 176 

coal  in,  bibliography  of 624 

papers  on 161-21 1 

coal  investigations  in &-9 

Dawson  -  Rosebud  -  Custer      counties, 

coals  of 203-211 

coals  of,  analyses  of 206 

character  of 203-205 

description  of 20.S-211 

paper  on 194-211 

sections  of 206-210 
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Montana,  Dawson  -  Rosebud  -  Custer  coun- 
ties, coals  of.  extent  of 194 

Dawson- Rosebud-Custer  counties,  fos- 
sils in 196,201,202 

geology  of 19^203 

location  of 194 

map  of 194 

sections  in 198-202,206-210 

stratigraphy  of 19^203 

structure  of 203 

topography  of 195 

Montana  formation,  coal  in 242 

occurrence  and  character  of 177 

Moore  Branch,  Ky.,  coal  on 50 

Morgan  Gulch,  Wyo..  coal  in 281-282 

coal  in,  analysi>s  of 298 

8(*ction  of 282 

Moylo  lx?d.  occurrence  and  character  of 78 

Munn,  M.  J.,  work  of 7 

N. 

National  Compressed  Fuel  Co.,  hriquetting 

plant  of 463 

National    Fuel  Briquette  Co.,  briquetting 

plant  of 477-478 

Neal,  W.  D.,  work  of 10 

Nebraska,  coal  in.  bibliography  of 524 

Nelson  mine,  Mont.,  coal  at 190 

coal  at,  section  of 190 

Nevada,  coal  in,  bibliography  of 524-525 

New  Bethlehem,  Pa.,  coal  near,  sections  of.  15, 16 

New  Harmony,  Utah,  coal  near 372-374 

coal  near,  analyses  of 375 

section  of 372-373 

New  Haven,  111.,  section  at 124 

New  Haven  quadrangle.  Hi.,  coal  in 129 

New  Jersey  Briquetting  Co.,  N.  J.,  briquet- 
ting  plant  of 465 

New  Jersey  Briquetting  Co.,  N.  Y.,  briquet- 
ting plant  of 464-467 

New  Mexico,  coal  in,  bibliography  of 525 

coal  in.  papers  on 376-434 

coal  investigations  in 11 

New  River  coal,  analyses  of 52 

New  York,  briquetting  plants  in . 464-470 

New  York  Compressed  Fuel  Co.,  briquetting 

plant  of 464 

Newcastle.  Wyo.,  coal  on 273, 290-291 

coal  on.  analyses  of 299-300 

Nicklcs,  J.  M.,  and  I^oe,  W.  T,,  ]>il)liography 

by 518-5.12 

North  American  Coal  Briquette  Co.,  bri- 

qucttting  plant  of 478 

North  Carolina,  coal  in.  bi])liography  of 525 

North  Dakota,  briquetting  plants  in 480 

coal  in.  bibliography  of 525 

North  Fort  Worth  Patent  Fuel  Co.,  briquet- 
ting plant  of 464 

Norton  formation,  coals  of.  section  of 57-58 

occurrence  and  description  of 57-58, 69 

Nugent,  Utah,  coal  near 310 

coal  near,  sections  of 310-311 

Nunnally  group,  occurrence  and  character 

of 78, 83, 105-111, 113 


Page. 

Nunnally  group,  sections  of 106-1 10 

Nutria,  N.  Max.,  coal  at  and  near 418-419 

coal  near,  section  of 419 

O. 

Oak  Ridge,  Pa.,  coal  near,  section  of 17 

Ohio,  coal  in,  bibliography  of 525 

Oregon,  coal  in,  bibliography  of 525-526 

Orlando  Water  and  Light  C^o.,  briquetting 

plant  of 481 

Otter  Creek  basin,  Mont.,  coal  In 168 

coal  in,  analyses  of 171 

development  of 168-169 

Ouachita  Mountains,  Ark.,  structure  of. .  138-139 


P. 


Pacific  Coke  and  Coal  Briquetting  Co.,  bri- 
quetting plant  of 464 

Paige,  Sidney,  work  of 8 

Palisades,  Utah,  coal  near 306-306 

coal  near,  sections  of 306-308 

Palisades  coal,  occurrence  and  description 

of 306-307,30^-311 

sections  of 307,309^11 

Papalota,  N.  Mex..  coals  near,  sections  of.  419-420 
Paris  and  Charleston  district.  Ark.,  coals 

of 14»-149 

coals  of,  analyses  of 159 

Paris  district,  coals  of 156. 157 

Paris  horizon,  coals  of 142-143, 155-156 

Park  City  formation,  coals  in,  sections  of.  226-227 
Parker,  E.  W.,  paper  by,  on  Condition  of 

coal-briquetting  industry 460-485 

work  of 12 

Parsons,  Ala.,  coals  neAr,  sections  of 97, 100 

Patton  Creek,  coal  near,  section  of 1 10 

Peacock  coal,  occurrence  and  description  of.      386 

Peat  Fuel  Co.,  briquetting  plant  of 463 

Peat  Koal  Co.,  briquetting  plant  of 464 

Peats,  gas-producer  tests  of 441-445 

gas-producer  tests   of,  comimrison   of 

steam  tests  and 447 

Peck.  F.  B.,  work  of 7 

Peerless  Fuel  Co.,  briquetting  plant  of 464 

Pennsylvania,  briquetting  plants  in 470-472 

coal  in,  bibliography  of 526-527 

papers  on 13-41 

coal  investigations  in 7 

Pepperl>erp.  L.  J.,  work  of 10 

Pennian  rocks,  occurrence  and  description 

of 364-»T66 

Perrine  Peak.  Coio..  coal  at 325,386 

coal  near,  section  of 333. 386 

Phalen,  W.  C.  paper  by,  on  Coals  of  Johns- 
town, Pa.,  and  vicinity 13-41 

work  of 7 

Phillips  Creek,  Mont.,  coal  on,  section  of . . .      209 

Philpott  district.  Ark.,  coals  oL 153 

Pierre  shale,  fossils  oL 196 

occurrence  and  description  of 195-197 

Plna  Vititos  field,  N.  Mex.,  coal  in. 429 

Pine  Ridge,  Ark.,  structure  of 139-140 

Pishel,  M.  A.,  work  of 9 
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Pittaburg  Coal    Mining   Co.,   biiquetting 

pUntof 476-177 

Pleasant  Valley,  Utah,  coal  in 347-350 

faults  in  and  near. 343^345,346 

Pleasant  Valley  anticline,  description  of. .  342-343 
Pleasant  Valley  coal  district,  Utah,  access  to     358 

coals  of 347-358 

analyses  oL 357 

paper  on 338-358 

sections  of 351,352,354-356 

development  of 358 

faults  of 343-347 

geology  of 340-347 

location  of 339 

map  of 338 

stratigraphy  of 340-342 

structure  of 342-347 

topography  of 33&-340 

Pocahontas  coal,  analysis  of 52 

Pollock,  J .  D.,  work  of 8 

Pond  Creek,  Ky.,  coal  on 50 

Porter,  Colo.,  coals  at 325 

coals  at,  sections  of 331 

Pottsville  formation,  coals  of 21 

Pound  River  district,  Va.,  occurrence  and 

description  of (V5-W» 

Powell  Creek,  Ky .,  coal  on 47 

Power  development,  centralisation  of,  relar- 

tion  of,  to  gas  producer. 458-459 

Prairie  View  district,  Ark.,  coals  of 151-152 

Prairie  View  fault,  location  of 141 

Price  Canyon,  Utah,  coal  in,  section  of.  314,351-352 

rrioe  Uivor.  Utah,  coal  on 350-353 

coa  1  on ,  sections  of. 351, 352 

Prodiuor-pas  power  plants,  cost  of 456-457 

dinicultios  with 455-457 

endurance  of 451-454 

losses  ot 446 

manufacturers  of,  opinions  of 450-452 

status  of 439-4.')9 

tests  of,  relative  results  of  steam  tests 

and 445-450 

users  of,  opinions  of 457-458 

Publications,  list  of 518-632 

Pueblo  -\lto,  N.  Mex.,  coal  near,  section  of.      407 

Puerco  marl,  occurrence  and  description  of  .380-381 

Putnam,  N .  Mex.,  coals  near,  analysis  of . . .      423 

coals  near,  sections  of. 407 

R. 

Rii  ton  Spring.  N .  Mex.,  coal  near,  bection  of. .    406 
Rc<i  l>ed9,  occurrence  and  description  of..  364-365 

Red  Lodge,  Mont.,  coals  at 187-189 

coals  at,  analyses  of 193 

sections  at 181-183,187-188 

Red  Lodge-Bear  Creek,  Mont.,  coal-bearing 

rocks  near 180-186 

coal-bearing  rocks  near,  sections  of. . .  181-186 
Renfrow,  W.  C,  briquetting  experiments 

of 481-484 

Renfrow  Briquette  Machine  Co.,  briquet- 
ting  plant  of 481-484 

Rhode  Island,  coal  in,  bibliography  of 527 

Richardson,  G.  B  ,  paper  by,  on  The  Book 

Cliffs  coal  fields 302-320 

work  of 19 
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Ridley  Canyon,  Utah,  ooal  in,  section  oL . .      365 

Rifle  Creek,  Wyo.,  coal  on 280-290 

coal  on,  analyses  of 299 

section  of 290 

Rimersburg,  Pa.,  coal  near,  section  of 17 
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Sheep  Mountain  region,  Mont.,  coals  of. 205 

Shirts  Canyon,  Utah,  coal  in 370-371 

coal  hi,  section  of 371 

Siebenthal,  C.  E.,  paper  by,  on  Coal  of  Lara- 
mie bashi,  Wyo 261-263 

work  of 9 

Silver  City,  N.  Mex.,  coals  near,  sections  of.      421 

Slai'k,  Impurities  in 499-500 

SUgo,  Pa.,  coal  at  and  near,  sections  of . . .  15. 16, 19 

Sloan  field,  N.  Mex.,  coal  in 428, 429 

Smith,  C.  D.,  work  of 7,11 

Smith,  E.  E.,  work  of 9 

Smith  River  mines,  description  of 168 

Soda  Spring  Canyon,  Colo.,  coal  near,  sec- 
tion of 391-392 

Solitude,  Utah,  coal  near,  analysis  of. 316 

South  Canyon,  Wyo.,  coal  in 291-292 

coal  in,  analyses  of 300 
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Subbitumlnous  coal,  character  of. 104, 230 

gas-producer  tests  of 441-445 

Sulphur,  occurrence  of,  conclusions  on. 509 

percentage  of,  in  run-of-mlne  coal 4Sfh 

495,506-508 

In  screened  coal 405-490,506 

inslack 490-«»,500 

Sulphur  Creek,  Wyo.,  coal  on. 286-287 

coal  on,  sections  of. 287 
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